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Astronomical Symbols (Contractions on p. xii). a4, 8, A, are aleo 


used as inferior indices to other symbols. 


a Right Ascension 
3 Latitude (celestial, geocent.) 
6 Declination 
« Obliquity of Eoliptic 
@ Sidereal time: #, st mess midnight 
A Longitude (celestial, goovent. ) 
A Vbasito h, in Angstroms 
00, 1 mam, (1p. 18) 
he Sr ftotal annun); 
tric anomaly (or £). 
» Micron, =1/1000th tom. 
= ALO, Ory) 
pip 1/millianth mm. = way 
r Parallax, annaal, in”; Long- 
itnde of perihelion (alec ia) 
p Terrestrial radius 
@ Geographical latitude; +.; 
(fr Gevcentric): Anghe mbione 
rine =eccentricity 
x Tonisation potontial 
¥ Aso, node-perihelion angle 
af peribelion 
A Distance fr; Rarth, in A.U.; 
Difference 
2 (or[ ))aymbol of summation 
Qo Longitude of sacending node 
A Albedo: Amplitude (variable 
Az Azimuth [sturs) 
€ Colour index 
4) Dismeter 
£ Equation of time; Eooentrio 
anonuily Colaur excess 
G Galactic longitude 
éf or ¢ Hour angle 
J International colour index 
f Surface brightiess in mags, 
L Geograph. longitude, + W. 


At © With reference to the Sun, 


(TA. 01988, avergestodl j. 
Af Magnitude, absolute (indices, 
pe xii): Mean anomaly 
P Period (orbital) 
Fy Parallax, equat. horixontal 
Ff Refraction: Sun-Earth dist. 
Ht, 7, W, Veloeity,* radial (re- 
coding +), tangential, spatial, 
5 Solar constant 
T Time of perihelion passage or 
transit: Temperatura, 
7. offective: 7. colour. 
A, ¥,4 Noctangular co-ordinates 
Semi-major axis of ellipse 
Semi-minor axis; Helio- 
ventric latitude 
Distanoe, in seconds of aro 
Eceentricity of orbit 
Galactic latitude: Accelern- 
tion due to gravity 
Hour angle ; Altitude 
Inclination of plane of orbit 
&£ Gaussian gravitation constant 
I Holioveutric longitude 
mh oe apparent 
Indices, be, pe, eps He, eer pe ch) 
wi Shise 
® Mean angular motion (ar yp) 
o Annual precession (general) 
p Position angle, 0-360" (p, 5) ; 
eqyiuet. hor | perrallax 
q Perihelion distance 
r Radius vector, in A. .8; 
 Thstanoe in parsens. 
t Time of observation; Hr. angle 
ti. mean: 4 Troe timet 
ve ‘Troe anomaly 
zs Zonith distance (apparent) 
+ From Ateun or Tre midnight. 
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PREFATORY NOTE 
Tuts Atlas is primarily designed for those amateur telescopists whose instruments are mounted either on alt-azimuth 
stands or as equatorials without graduated circles. Tt is also intended to be used as a companion to Webb's 
invalunble “Celestial Objects for Common Telescopes,” and Smith's admirable “Cycle of Celestial Objects.” 
Practically all the objects contained in the latest editions of these two works, down to and including stara of the 
seventh magnitude, are shown in the maps, also several fainter objects of popular interest. For the occasional 
observer, selected lists of interesting objects are given, also notea on the Sun, Moon, Planeta, de, 

Owing to the plan and arrangement of the taps, and also on account of the large overlap, a view of about one- 
fifth of the entira heavens is shown on one folio, and no constellation is inconveniently broken up, The distortion 
is slight considering the large area represented. Altogether the charts indicate the positions of nearly 5,000 stara 
and 600 nebulm (Fifth Edition) for the epoch 1920—the same as that adopted in the latest edition of * Webb.” 

A sketch Map of the Moon, indicating the more important features, and two charts of the Galactic regions, 
are provided; the latter, having R.A. and Dee. lines as well as galactic co-ordinates, will be helpful in galactic studies. 

Variabie and red stars are indicated by “V" and “R” respectively, but double stars could not be similarly 
lettered without sacrificing the clearness of the maps; refer to the lists in “ Webb,” &e. 

As an introduction to the present work, the beginner ia recommended to procure that very useful little book, 
Gall’a “Easy Guide to the Constellations” (Gall & Jnglis); by its aid he will learn to recognise the more important 
constellations and their relative positions, and to understand their apparent daily motions, 

The Reference Handbook, at the beginning of the volume, is divided into five sections. The first four give 
ahort popular explanations of various astronomical terms met with in current astronomical literature, almanacs, 4c., 
and short descriptions of celestial objects and phenomena, The underlying idea has been to farnish both the amateur 
observer and the general reader with a reference hook, to which he can turn for an explanation of unfamiliar terms 
—observational terminology especially being very inadequately dealt with in text-hooks. 

The fifth and sixth sections are devoted to the needs of the observer—the most favourable observing seasons 
for various classes of objects; how to use and care for the telescope; useful tables, &c. 

Owing to the limited space available, these explanations are necessarily much compressed, but it is boped 
they are sufficiently complete for the required purpose. Sources of fuller information are often given. 

Very great pains have been taken to make the maps correct; but the writer will be grateful to anyone who, 
having detected an error, will kindly communicate with him. [et Adition 1970, and later issues, | 


PREFACE TO THE SEVENTH EDITION. 

In 1990, the International Astronomical Union adopted the scheme of constellation houndaries prepared by Mons. E 
Delporte, thas fixing them definitely for the first time since the constellations were invented, und enabling the author to carry 
out along-desired and thorough revision of his maps, In the Fifth and subsequent editions of the Charts :— 

(a) The constellation boundaries are drawn in accordance with the International Astronomical Union's scheme, 

(b) The star dises indicate halfmagnitudes, so us to give a better representation of the heavens. 

(c) The charts show practically all stars-down to about mag. 62, some 1500 additional ohjects having been added, 

(ad) The Galactic Equator, Galactic Poles, and Milky Way (limits only approximate), are inserted in the main Charts, 

(«) The Galactic Charts, as in previous editions, give both Galactic, and BLA. and Dec,, co-ordinates, 

(7) The nomenclature and magnitudes, in general, are those of the Revised Harvard Photometry, the most convenient 
stancdiurd of referenve : previous Editions followed the Brit. Association Catalogue nomenclature, as a rule, 

As the epoch of this Athos ia 10920, and that of Mons. Delporte’s boundaries 1875 (see page 2), the constellation boundaries 
in the two Atlases do not occupy precisely thesaume positions in RA. and Dec—the effect of precession in the 45 intervening 
years, ‘The positions of the boundaries with rospect to the stars thonselves, however, remain unaltered, 

In this Seventh Edition, the Churtsa and Introductory Notes remain asin the previous one, but there have been added 
arevised and enlarged Index to Contents, a revised Index to the Constellations, and Precession Tables. The chief addition 
is a re-arranged and greatly extended list of Interesting Objects for the telescope. In previous editions the number of these 
Objects was 130; in the present book the number is incréased to 523, 

The RA. and Declination of the Objecta in these lista have been reduced to the Epoch 1950, which will probably he 
a common standard of reference for many yenrs to come. 

Since the regretted death, early in 1938, of Mr. J. Gall Tnglis, who was largely responsible for the Introductory Notes, 
I have been much indebted to his son, Mr, Ro M. G. Inglis, for his helpful suggestions and for the reading of the proofs of 
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Shadow Banda : : i on 
“Bhi ‘Stars (meteors) , 28, 89 


s erinds, 6,24; -Tine,0,% Table,xvi 
Sign of t e Zodine, 3; Symbole ditto, xii 
‘Sirian' pnil * Sirinn-solar* Store . 16 


Siriometer , ‘ ‘ « 10, 37 
Sirius Nap & 
Solar Constant, Motion, Tenapernture se.23 
Bolutices, Solatitial Pointa . 4, 3,6 
Southing, meaning of : ; z 
Spectra, Absorption 5 - 9 
» Band, Fimission, Fluted , 19 
Spectroscopy 18; forprominences . 36 
Spectrum, Stare o'n by 14-15; Flash 23 
Squares, Method of Lewet . . ix 
Star Brightness, 12-13; Table of . x 
» Cotatogoes i es Pee | 
» Charte, why they get aut of date 4 
» Claseificntion by spectra t 14 
» Clouds . a 
+ 4 Clusters, 32} alec Liate th Map 116 
» Colours, 14 
» (Cotnta . F F . vi 
er Denaition r ‘ & lt 
» Tianioters f i . iF 
>» Drift =. - ‘ 1 
» Gauges : a F vi 
n Groupe P = 
+ Magnitudes, 12; Htat af 
» Mimaea . pe 1s 
» Neines, List of , {Appe ix) xxi 
» Nearest (Proxima Resto hs 10 
 ROMetlturo . 4. Tix 
is ». Photograph : 24, Bo, 13, 45 
» Ratio, . ; : 12 
, Rotation - : : 17 
 Siiheke. : 3 
7 Streaming, atl ‘Fertions 7 11 
ms (it ete ; ii 
or classes 1d, 15; ; Twinkling, 80 
© - ocitien Th, 17, 18 


Stare, Binary 31, ms alto Lastu, Mave Lie 
» Antarian, Arctorian, Carbon, Calcium, 
Helium, ei Orton, Rec-sular, 

Solar 5 16 

wi br . cf] a . 15, ns 


tal : 
4 Double . Triple, deo, 82:8 Lists, Mapet-18 


¥¥ 

Stara, Eltipsoidal variables . 8 
» Barly and Late Type . : 14 
vw Fixed, 2; faintest visible ; 12 
as Lucid, definition of ‘ji c 12 
Pee er ee | 5 ‘ : 1h 
n bew (Nova) — , oo, ix 
« Variable, vi, 3a, 38: olserving as 
7 data of, * Afraypea ds ig 

. Visible & invisible from any place 2 
Stationary, applied to lanes, th dots 5 
BStorts, Magnetic . + 2a, 50 


Sin, mpota, de, 2a, fo; Observing. oe 
Super-, anid nub giante 18; Supernevm #3 
Surface ; -Brightnesr,14; of planets 28 
Symbols & abbreviations, Astron, vii, xi; 

os ate alan facing fret cover 


Synedie Period: —, ; Shoe a7 
Syetem > Solar, 24; Stellar, or aluctic, #1 
Syayaty . 5 
Tangential Motion and Velocity + 0 
Teleseopes, 41; Care of, and Cleaning 45 

Pid TLE 43: Btanela « . 44h 


a Magnifying powur, ke, to find 41 
» Separating powerol 404g; sieges) 
Télluria Lines F 
Temperature, Absolute, &o., iis Tables, ae 
ew OF Stars, Th, 17; Bun, 2as Planeta’ oT 


Temporary Stara, or Nove , - Bh, ix 
Termitutor, Moon's é 4a, 47, 40 
Tide: interval § 
Time, various kinda, fj Equation o of 9 
Topecentric ‘ ; 


Transit, upper and — : 
Transite 3: of Mercury and Venus 8, 29, 88 
a Jupiter's satellites  . 3¢ 


Traneitione (atomic) ‘ : a0 
Trojan Group of Planets , . 
Tropic ; § 
True, toeaning of, astronomically. . i 


Twllight, 30; when it enda, Appoutix, xvi 
Twinkling of Stars, 0; of Planote 30, 24 
Types or olnssest ature, 14-16: nebulie, 34 

»  Warinhles . + 
Umbra. § in eclipers; 20; in eume: eat 
Unit ; Astronomical, 10; Unit | stain 10 


Dinkvarees, Island =. BI 
Uranus, and moma, 24; chaginituie, 24 
Vade Me-cum de |'Astronome : vi 
Van Muanon’s Star " 1é 
Velocities, Radial, &e, 11; Star - 17 
Velocity of Eeenpe . , 21, vili 
Venus, 255 Observing « 6; 87 


Vertex of Sun, Move and planets 5.5 
Vertical, Prime, meaning . 4 


Vista , : ti 
Waller Plains , » dt, 48 
Wave-lengtha, various, 19; ‘long, ahort, 21 
Weight, ot oleervations  . «10, ix 
White Dwarfs - ; . 16,17 
White Nebulin : : ~ 
Wilson Effect 2 
Wolt-Rayet tara, 16, a3, 84; + bands 35 
Wolf's Sunepot Now : 23 
Years, Various kinds of : . 4 
Zeeman Eifect - ‘ ; 1 
Zenith : 4 


Henoperaphie lat. &i + Zenocentric a 
Zodion, Signs of the 8: Bymbola of, xii 
Zolincal Light and Zodiacal Rand . 28, 37 


¥i ASTRONOMICAL CATALOGUES, CHARTS, de. 


Star Catalogues are mostly found only in the annals of observatories or astronomical societies, They are of two 
types: (a) Catalogues of precision, giving the positions with all possible necuracy; (6) Durchmusterungen, designed to 
give star positions to may. 9 with moderate accuracy only, 1900 is the standard epoch for the present (T.A.U_, 1035). 

A survey of star catalogues from the time of the enrliest Greek astronomers till well on in the 19th century, will 
be found in the Memoirs #.AS., Vol.49; the triennial 7rensactions of the 1.A.U. reviews the latest issues, See also 
Valentiner’s Handnirterbuch der detronomie, Some notes on catalogues are given below; various contractions, on p. vil. 

In star catalogues, the + and — signs for precession and proper motion are added algebraically, so that in 
correcting the star's place, like signe are added, unlike signa subtracted, 

General Catalogues,—Tho most complete catalogue of precision is that of the Astronomische Gesellschaft (A.0.0, or A.G.), 

which gives positions for all stars to mag. &, N, of 20° 8. Dee, 

Rou's Protiminary General Catalogue (P.G,C., 2nd Edition, 1915), given accurate positions and proper mations of all 
naked-oye stare: magnitudes are on an old light ratio, see p14. A more extended one is in preparation. 

The Henry Deaper Catalogue (HLD.), Gives the positions, magnitudes, and spectral type of 225,000 stars to about magnitude 
10 (#A., vols. 10-00; precession and proper motion data are not tgiven), Earlier works are the Aerised Harvard 
Photometry (ELR.) 1908, in Ad. vol, $0; the J, 1898; Gould's €.0.4., 1886, and U,A., 1879. 

Pritter Fundamental Katalog. (F.K.3) of the Berliner Astron. Jarbuch. To be need as basisof international ephemerides. 

Sehlesinger's Catalogue of Bright Stara ( B.S.) to mag. 65, Pubf Yate Cateareity Cle, 1920, . [uy side. 

Rackhowse's Cat... 1911, of all naked-eyestara, is good and inexpensive; the magnitudes of various wuthorities are given side 

The NA, gives some 600 bright-star positions annually. The Grachichte dex FiraternAinmels (G.F.H.), when completed, 
will contain all meridian observations made before 1M), 

Parallaxes. SeAleainqer's Catalogue is a compilation of all published parallaxes, revised to 1946 (Pub, Yale University Obs.), 
Bows P.G.C,, soe above. Spootromopic Alwolute Magnitudes and Poratlaxes, Aft. W. Contr., No. 511. 

Proper Motions. —foarfa P.G.0.. see above. Pub. Cincinnati Obsere,, vol. 18, gives all proper motions known to exceed 10" por 
century. The Aigrakercaguage Lerten (EBL, Hamburg Obs), gives references to all published proper motions to 1036, 

Radial Velocities. — Liat of over 1000, Ap..f, vol. 57. Moore's Rielial Velocity Cogalague of Stars, Nebale and Clusters, Pub, 
Lick Oba, Yok 18, 132. 

Nebula and Clusters,—The standard work is: the ‘N.G.C! or Vee Genwral Catalogue (in vol, 49, Afemoire RAS.) extended 
by the Judes Catalogue (L0.), 1904, 1908; ace also Melotte’s list, Jem. AALS, vol. 60, party. p. 126. Por lists of the 
Globular Clusters, see A/A. vol. 76, and ALC.O, Buflotin, 776. 

Dark Nebolx,—Purnand’s Photographic Atlas and Catalogue of Dark Nebulw. (Ap, 4, vol. 49, 1914.) 

Variable Stars.—See Hagen's Atlas Stollarnm Varicbilim with catalogue (1800-1908) ; various publications of Harvard 
College Observatory, and the Reports and Annual Handhook of the BLA, A. 

Double Stars.—Hurnhan’s General Catalogue of Double Stars (B.G.C,}, and additional vols. Aithen's Dowkle Stare (A.D.8.), 
within 120" of N. Pole, epochs 1900, 1950; all measta. to 1026; practically 2.4.0, extension ; Sih, Carnegie Znatit,, Vo. 40%, 
gyols, snes Southern Double Star Catalogue (S.D.8.5, south of — 19", about 1927, Moore's Fourth Cotelogue of Spectro- 
acopic binaries, (0H, 483), 

Minor Planets.—History and summary of all work done up to (11) (1928), Pub, Lied Cba., vol. xix, UL. 

Map of Mercury by M. E. M. Antoniadi, in £’Astronowete, Oct, 1036. 

Map of Mars, by M. E. M. Antoniadi, in four plates, Svo., in L'Aatronomie, 1930, p41, A beautiful map, from the same 
authors La FMantve Mara, 2459-7929; 240 pp, 4to., Paris; a valuable summary, See also Webb's Celestial Gbjevta. 

Maps of the Moon. Seo p.48; also * Who's Who in the Moon,” notes on all lunar formations adopted by LA.U, (Afem, #4..4., £05), 

Wave-lengths.—Howlena’s (Ievised): Pub, Carnegie Lnatitute, So, 06. 

Galactic Co-ordinates, Tablo in Schlesinger's Catalogue (B.8., above), and Lund Annals, vol, 3, 1932, for 12h. 40m. + 28", 1000; 
also in WLM, vol. 53, p. 74 (Marth, see p, 41). See aleo Charts 17-15. 

Telegraphic Code (L.A.1)., Revised 1935), Seo TAA, annual Monedboot, 1936, for the more important items. 

The Year's Progress,—See the Annual Report of the Royal Astronomical Society (Feb,), a valuable summary; 
it gives the names and numbers of the recognised minor planet discoveries, The Yearbook of the Carnegie Institute 
gives some useful summaries, Science Abstracts (Physical Section) indexes papers in the principal nstronomival 
publications of the world, Sve also the Bulletin Astronomigne, and the Astronomisehe Jahrbuch. 

For earlier astronomical literature, the International Catalogue (discontinued 1917) indexed annually, under 
the various subjects, the papers in the principal astronomical publications of the world, Houzeau’s Pade Afectem 
det Astronome (1882) ia also a good guide. 

Star Counts or Gauges, originated by Sir W. Herschel, are used for ascertaining the distribution of the stars 
on the star sphere. A number of representative areas are selected ; the stars in each are carefully counted, and their 
positions, magnitudes, proper and radial motions, spectra, and parallaxes, ascertained, so far as is possible. A Table 
of the number of stars of each magnitude, per square degree, is given in the B.A. A, Handbook for 1926, 

Selected Areas (Aapteyn's; 8,A.), a great photographic Star Count of some 250,000 stars (limiting mag.16, Inter- 
national), had, as planned, 206 representative areas, each 75' square, or circles 42° in radius, on or near the circles of 
N.and 8, Dee.0°,15°,30",45°,60°,75",90"; also 46 Milky Way areas: this, however, proved too onerous for rich regions, 
and some areas were restricted thua—Galactic longitude N. and S., 0°-20°, 40° x 40°; 20°40", 00" x 60°; 40°-90°, 80 = 80’. 
The results are being published by the various co-operating observatories over the world; refer to Trane. /.A.0. reports, 

Harvard Standard Regions,—Similar to the ¥. Polar Sequence (p12; ALA., vol. 76, No.3), A catalogue of 2500 stars, 
giving magnitudes, spectra, colour indices, &e,, for the whole sky ; 44 contres of 30° cach ; 77.A., vol. 76, No. 4. 


ASTRONOMICAL CATALOGUES, de, 


vii 


Astronomical Societies, Publications, &c,—Contractious commonly used. Standard contractions are now being prepared. 


first list of General Contractions, and those for Places, see Trans. LA.U, 1928. General, 
Puidioation, or Sapiety, / Publiontion, or Soctety, An. Annals, 
AAS. American Astronomical Society. H.A. Harvard Observatory Annals. App, Appendix. 
ALA.V.8,0. American Association of Variable Star | H.B. Harvard Bulletin. de, Association, 
AE, American Ephomeris, (Observers) ELC. = Harvard Cireular (Harv, C.). B., Ball, Balletin, 
A.G, — Astronomische Geacllschaft. 4.0.0, Harvard College Observatory. Cat. Catalogue, 
AT. Astrouomical Journal, LAU., LULA, U.LA. Internat, Astron, Union, Cr. Cireular, 
ALN. Astronamische Nachrichten. J, Journal, {prefixed to Society names 0.84.4.) | Cont. Contributions, 
ApJ. Astropliysical Journal. 1,0, Journal dea Observatenrs, Edn. Edition, 
ASP. Astronomical Soviety of the Pacific, L,0.B, Lick Observatory Bulletin (Lick B, ) i International. 
B Bulletin (Prefixed), MLN. Monthly Notices Royal Astron. Society. Jat. Jnat. Institute. 
B.A.  _ Britiah Association, MEW. M.W. Mt. Wilson Observatory. M., Mem, Memoirs. 

a Bulletin Astronomique. Nat. Nature, Mey, Magnsine, 
BAA. British Astronemical Association. NAL Nautical Almanac, O., Gha, Observatory. 
BAN. Bulletin of the Ast. Inst. ofthe Netherlands.| Ohe. The Observatory. fy, Proceedings. 
HJ. Berliner Jahrbuch, iP. Publications, Proceedings.(prefixed to Society nb, Publications, 
BS.AF. Bulletin de Ja Société Astronomique de | PLA. Popular Astronomy, —[name, as, P.ASUP.), of Publi 
(2,0. Cincinnatl Observatory, [France. PAs, Trans. Philosophical Transactions of the Royal i Review, 

CR Comptes Rendus (Paris Acad, Sciences}. RAS. Royal Astronomical Society, [Sacy, ftp. Report. 

CT.  Connaissance des Temps. | R.AIB.C. Royal Astronomical Society of Canada, — | 8» Seay. Society, 

DAO, Dominion Astrophysical Observ,, Victorias S.A. Scientific American. & Smithsonian, 

D.O, Dominion Observatory (Ottawa) [B.C-|  ., — Selected Areas (Auepteyn'e), povi. Tr, ‘Transactions. 

EB _Eneyelopedia Brittanniva, 0.0.0, Union Observatory Circulars. Vot, Volume, 

EM. English Mechanic, VALS. Vierteljalrsschriftder Astron, Gesellschaft, 0. Yearbook. 
\4a 0 #vitachrift 

Astronomical Catalogues.—(ontractions in ordinary use (the letters are often used without points). 
Contraction. With number added, = Number tn: — Contraction, With number added, —=Number in s— 
(A.C) Astrographic Catalogue,* to mag. 11 (in progress), HD, Henry Draper Cat. 1)18-24/ vols. 01-09, Harvard Annals), 


ADS, Aitkon's Double Star Catalogue, 1922 (see p, vi). 

AUG, AGLC, Aatronomische Gesellechalt, Catalogmes (soe). ¥i). 

(Arg.) Argelander, (See B.D, below), | 

(B.) Birmingham's Catalogue of Red Stars, 1877. (See E-B.). 

RK, (In Notice! Afmenue) Bode's Catalogue, 1801. 

B.A.0. British Association Catalogue, opoch 1850 (Baily, 1845), 

B.D. Bonn Durchmusterung (Argelaneder) to mag, 9, 1859-62,* 
2 to 2° South Dee., extended by Schinfield (1884), 

Burnham's Double Star Catulogye«( not his General Cat. 


A 
[B.G.0.)] 


8.6.0, Burnham'e General Cat, of Double Stars, 
Br. Auwer's reduction of Bradley's Observations. 
(Bria.or Br.) Sir 'T. Brishane's Catalague of Southern Stars, 1835, 
LD. Cordoba Durchmirsterung, 22° to 62° 8, [( Gone: 1886, 
O.G.A. Catalogo General Argentino, 32448 Southern Stars, 
O.P.D. Cape Apia cig Dorchmusterung, to 1, 19° to 
0° South Dec. (dif ane Kapteyw), 1896-1903, 
Gk Cordobn Zone Cat, of South Stara, Nos. in conesof Deo * 
{A) Dunlop's Catalogues of Double stars and Nebalm, 1825, 
(E-B) Easpin’s edition of Birmingham's Cat, of Red Stars, 1588, 
E.B.L, Eigenbewegungs Lexikon (Aiméuryg Ghe.) of all known 
FK3 Dritter Fundamental Katalog (p, vi), [proper motions, 
(i. (In Brit. Nant. Almanac)= (A. 
G.FH. Geschichte des Fixsternhimmels, see p, vi, 


Gr,  Groombridge’s Cat, of Circumpolar Stara for 1810, 1838, 
H. Sir W. Herschel's Catalogues of Double Stara, 1782-1622, 


on (In Vewtica! Afmeanae) Hovelins's Catalogue, 1660. 
H’. ( a Pe ) Heis' Catulogus Stellarum, 1873. 
{Houz.) Hougeau's Uranométrie Générale, 1878, 
hi Sir J. Herschel's Catalogues of (1) Nebulw ,1833, 1847 ; 
and (2) of Double Stars, 


Also =C.GLAL | 


H.P. Harvard Photometry | Pickering), 1884. (AA, vol. 14), 
ELR, (nlso R.H.P.). Rovised Harvard Photometry, 1908 (vol. 50, 
LC. Index Catalogue, extension of N.G.C. 1904,1908,  [4f-4.). 
(dnc) Jacob's Catalogue of Dowkle Stars, 

Lac.) Lacaille's Catalogue of Southern Stura, Epoch 1740 
ee published by the British Agsoedation, 184%, gic 
Lior Lal, Lalande's Cat, Epoch 1800, pub, by the #.4., 1887. 
M. Messier's Catalogue of 103 Netulw & Clusters, pub, 17 

Reprinted, Gbe,, Aug. 1918; and PAS. Ang, 1917. 
NGC. New Genera) Catalogue (of SirJ, Herschel's Nebule and 
Clusters, Dreyer), 1888. Vol. 49, Memoirs, RAS, 
| O.A. Oeltzen's reduction of Argelander's Zone Observations, 
PD. Potsdam General Cat. (Supplementary vols, P,P.D,, dc.) 
PGA. Preliminary General Catalogue of €194 stars {Hoas), 1910. 





ph, Great International Photographic Star Map. 
Pi Piss#t's Star Cat,, epoch 1800, 1803-14.+ 


(Rus) Russell's Double Star Meastires (Sydney), 1891, 
(8) ‘South's Measures of Double Stars, 1420, 
(Sa.) Santiago Observations, 1876, 
$.D.8. Southern Double Star Catalogue (Smee) 1927. 
_(S.M_P.)Southern Meridian Photometry (Harvard), 1895, 
(St.) Stone's Cape Catalogue for 1580, or Radoliffe Cat,, 1BB0, 
WE. Weisse’s redaction of Beasel's Zones, equinox 1825; Nos. in 
W.Z.C, Washington Zodincal Cat., 1900, 1920. (bre. of RA 


U.A. Uranometria Argention (Gowld), 1879, 
U.0.  Uranemetria Nova Oxoniensia ( Priteiered), 1885, 
Wilhelm Struve’s Dorpat Cat. of Double Stars, 1837, 
do, do, Appendix I. 
oz Otto Struve's Revised Pulkova Catalogue, 1850. 
Oz= Pulkova Catalogue, Part IT, 


"Tn this east the gone ia stated as well as the number: thus B.D. + 18° 2302 means star No, 2802 in the 18° zone, north Dec., in the B.D. 
+ The numbering commences anew in rach hour of R.A. thua V* 1293 denotes star No, 128 in the zone of Sh. R.A 


viii ASTRUNOMICAL TABLES. 


Bode's Law.—Taking Mercury as 4, adding 4 to each term of the geometrical series 3,6, 12, 24, ke, gives the approximate 
distances of the planets up to Uranus, but not Neptune's: Pluto is near the position Neptune should oceupy. No reason is known 
for this curious relation. Bode remarked that a planct was missing at the distance where the asteroids were discovered later. 

Planet . Mercury Venus Earth Mare Asteroids Jupiter Saturn Uranus Neptune Piuto ; 4 ; 
Geometrical Series : a 





ih 12 a4 45 bd. 198 84 Toa 
Addl aes a 4 4 4 nl “4 4 4 4 eon 
Dist. fr, Sun, Bode 4 7 10 16 a4 aa 100 1a aan 0—:i«‘<‘T TS ee Tie, 


+ Actual .. 39 8 7°2 10 152 86-27-44 52 54 192 301 395 we |e 
Albedo of the Planets. Russell's figures are for Bond's Albedo (aomewhat different from Lambert's original definition 
on p. 7: see Ap../,, vol. 43, 1916), 
Albeda :— Mercury Venus Earth Moon Mars Jupiter Saturn Uranus Neptune Pluto 


(Zdlloer, 1865) raat (-. “HO Gs ‘7 B7 2 “2 Bit! 46 ra ian patie 
(Miller, 1807). 1 GTR RE DR, as | pee 
(Russell, 1916)... OT) 3a OT tT (at HR RTD a «| 7078 


Planetary Colour Indices, &c.—“ Sun's Radiation” gives the amount received pee unit of aren. 
Mercury Venus Earth Moon Mars Jupiter Saturn ranus Neptune Pluto 
Colour Index (Sun O72) +". +001 a «OTS +145 4096 +192 40 +... | O8 es | ans 
Sun's Radiation ae i is 1%) A) dd a7 ool OOO 00) 008 rer esis 


Velocity of escape, km/sers. 3 1F2 LG 24 8650 a0) a6 21 a ay an 


Saturn's Rings.—Approximate date of Earth passing the ring-plane ; and Saturn's heliocentric longitude, Dates not 
O'" aro minima: the Earth did not quite pass the plane of the ring in 1936, though extremely near doing $0, 

Date tat, fom. diate fat, tong, Dhnte fat, long. Bate —s tat. tong. 
1889 Deo, 13. —7°) 1534" 91907 Apr. 13. O° g49° 1920 Nov. 7. @ 167° 11996 Jun, 24.(+0° 346° 
1891 Sept.23, O° 1704] ,, Get. 4. 0° 354" [1921 Feb. 22. 0° 183° [lsay Feb, 21, 0° 3ha’ 


ese oe 




















1902 May 31. +0°4 1704" ||1808 Jan. 7. 0° 358° > Aug. 2 O° 189" , Mov.98 —24" 4° a eae 
Parallaxes,.—Sun: [nternat. (toean), 880, Asteroids (approx. mux, ): Bros, §2", Amor, 73", 2052 HA, 4". Adonis 34’, 
Stars: Frox.Cent. «Cent, Barnard'a star Wolf 351 L1.21,185 Sirius BD.12°4528 Proeyon A 61 Cygni ... 
v= O75 iy 7ie Oats Ot orag2: Oar irs o'-s12 o”a00 ‘ 
f= Wd ai 13d ate 106 he i a0 rie: 
Stellar Colour Indices.— 
Type of Star... a. O BO AO FO Go KO M M3 Ne R 3 
Colour Index, oe .. Giants... —-032 O00 4038 +050 4148 #4183 ~~ CLL + ih a asa 
do ee )=©0o wees Dworfe.,, = ~O'82 00 4035 4072 4009 +176 ——=e., on se one 
Heat Index (average), in Magnitudes «2 -Ol OO +03 +07 +12 +29. tie ate ew == 
Surface Brightness, ne Ginnta ... -32 -23 -10 403 +293 +45 a ice ve = 
do < Dwarfk... -32 -23 -10 oo +12 4235 aus res ais ae 


Nove before A.D. 1572.—Very doubtful ones omitted ; those in italic probably comets, ‘v. br.’= very bright. 
va Sova r= Mag.) Position. rary hora s— Mag, Fualtlen. aj _ Xora Mae Premithinns att, irra i Maz. 
134. Scormii 1 | near @ |] 178. Centauri 1 [beta & a]) 303. Scorpii v.br.| in Tail |) 1O12LArietin vibr.) 
1232. Ophiachi 1 » a |] 386, Sagittariiv.br.| 4 Ad&@ |) 827. = | a =~ of 803. Scorpili 1 in Tail 

-— — 359, Aguile 1 neara |) LOO8, _ a4 es 1230. Ophiuchi 1 | r.Serpens 
Modern Nove.—Only the brighter Nove are included in the List. 


Vrar Greatest) forron, Galae ‘Praltioe. fart. steve nent ig 5 a it taear a 





ALD. Norns Mi Lang. r | pia Ts Were 
1572. Cnssiopeie(B) ... > 1) 87" » +1" am.) +63" 41" Lacerte I... 5 | 70°| —6° | 22) 26m | +52" 18 
1600, P Cygni I .. S65) 43 | +0 lh | +37 47 Geminorum Il... #3 | 161) +15) 6 50 (433 14 
i604. Ophiachi [ >] | 331) +7 a7 | —21 25 Sagitte TL... TR) 2 | -B [20 4 [+17 BF 
1670, Vulpecula(I})... 3) 30) 9 | 44/427 7 Aquil# III ...-1¢6] 0 | © |18 45 |+0 80 
1848 Ophiuchi IT 4 | 385-417 55 | —18 46 | Ophiuchi IV ... 75) 6 | 413/18 10 |411 35 
1860, Seorpii (‘T) 7 | 820] +20 12 | —28 47 Lyra a #5 26 | +12)18 80 |429 7 
1866, Coronm (T) 3} 10 | +47 66 | +26 10 bh. Cygni TTT .,, 8} 55 | +12) 10 56 +58 24 
1876. Cygni (Q) . &| 6B} -8 [31 39 | +42 88 Pictoris RR... 1-1 | 240| -26) 6 35 |-82 34 
1885. Andromede (8) 7) 88 |—23] 0 38 | +40 50 Herculis «+ 13] 40 | 426/78 6 [+45 51 
1887, Persei 1(V) ... 92] 100) —5 6 | +30 1 Lawertie we SO} FO | —8 [28 1S (+55 18 
1892, Aurigm ('T) a} i a7 | +30 93 Aquile 70} 6 | -6 [1% 18 [41 as 
1893, Normm g4 | -50 $8 Sagittarii =... 4°5 | se5|—7 | 18 3 |-34 21 
1896, Carine (RS) cS) 4 | —61 30 Aquile ..- 60 | 10 | -S [18 23 +7 27 
1895. Centauri(Z) ... 7 | 42-31 14 

1898, Sagittariil ... 47 7 | -13 16 

1889. Sagittarij IIT... 8 16 | —95 14 ’ 7 , 

1899, Aquilw I ral 6 -O 17 

1901, Persei [1 -08) 33° | +48 31 

1801, Sagittarii IV ... 10 2 | 37 96 , ae 

1803, Geminorum! ... 6 | ao | +30 2 

1805, Aguile I <a 8% | 58 +4 34 

1910, Sagittarii IT... 75 5 a3 . oP aoe . . 





NOTES ON NOMENCLATURE, do, ix 


Nomenclature of Minor Planets, Variable Stars, Nov, &e.—Syatems that answered well in the early 
stages of discovery inevitably tend to become inadequate or unwieldy as discoveries increase, and from time to time 
they have to be revised. The following modifications have been made in the original systems, 

Minor Planets. Each new discovery, before the number and name is given (p. 27), is temporarily assigned distinctive Roman 
letters, aa not infrequently, a supposed new asteroid proves to be identical with one already known, Originally a single 
lotter sufficed, and the year ; but in 1693, the double form AA to AZ, BA to BZ, &e., was introduced (I being omitted), 
this new series being continued right on until ZZ was reached, instead of beginning the alphabet afresh each year, A 
second alphabet was begun in 1907, with the your (1907 AA, &e.), and a third in 116—terminated with [A., Deo. 31, 
1024, when a new system was started to enable belated discoveries to be inserted in approximately their proper place, 

Under the present system of temporary nomenclature, the double alphabet begins afresh exch year; the discoveries 
of Jan. 1-15 army AA, AB, AC, &e,; of Jan, 16-31, BA, BB, BO, &e.; of Fob. 1-16, CA, CB, &e., the year being added in 
each case ; if more discoveries than 25in halfa month, AA,, AB,, &e. Minor planets are in the care of the Rechen- 
Institut of Berlin, which attends tothe numbering, &c. When unnumbered, the orbit is not sufficiently certain, as 
1922 HA, but s name may be given, as it is more convenient for reference. (Annual summary in JN, February}, 

Jan. A,B ; Feb, 0D; Mar. EF; Ape, G,H ; May J,K ; June LM; July 8,0; Aug. P\Q ; Sept. 2,8; Oct. TU; Nov. V,W; Deo X, ¥, 
Variable Stars. Argelander designated those not otherwige lettered or numbered, in any constellation, by the Roman capital 
lutters, R, 8, 'T, U,V, W, X, ¥, Z. After Z, the double form RR to RZ, 8S to SZ, TT to TY, and so on to ZZ, was 
used, which provided for 54 variable stars in any constellation, As that number proved insufficient, AA to AQ, BB to 
BQ, and so on, wis employed, J being omitted. The simplest sytem, which denotes the variables of each constellation 
by the letter V, followed by « number—thus Vl=R; V2=S; Vid=ZZ, &e., is to be need from V™, when QZ is reached, 
Letters are nesigned when the variability is confirmed ; provisionally, Nova and ordinary variables are now designated 
bya nomber, year, and constellation, Nova Aquile 1918 being 7.1918 Aquilm, in the ‘variable’ discoveries of 1918. 

Novae. Tho older Novm are designated hy the constellation and year in which they appeared, thus, ore Scorpli, 134m0.: 
some having also a ‘popular’ name, as Kepler's Star, Tyoho's Star, ke. Modern Nove were similarly designated till 1925 : 
if more than one appeared ina constellation, they were numbered successively Vous L,, Vora I1., and so on, of that con- 
stellation, in order of discovery, disregarding the Nova before 1572. As many Nov were only discovered years after 
their Appearance, when comparing star photographs of the aame region taken at different times, thi sometimes resulted 
in the numbers lwing out of order as regards date of appecranee: the nomenclature was thorefore altered to constellation 
and year, with the date in tenths of a year, if more than one in a year, 

Primary and Secondary Stars,—Thoe brightest star is A, the companion or companions B, C, &c., 08 Sirius A and B. 

Comets. —Entirely new comets are usually named after the discoverer, adding the year, as Donati's comet, 1858. 

Comet a, Comet b, &e,, denotes the first, sooond, ..,... comet discovered that year, whether new or already known. 
Comet f, Com If ke, ,, 3 ‘i e arriving at perihelion that year, ditte 


Some Terms occurring in Astronomical Papers. (Fuller details in Young's Revised Astronomy, fy Mussell, ate.). 
Errors of Observation.—These are of two kinds; Systematic Mrrore and Accidentel Errors (see page 7, Equation). The 
former are detected by observations repeated with different instruments, &-., or by comparison with results obtained by other 
methods ; the latter errors are erratic, but. can be allowed for by analysis of the small discrepancies between the individual ob- 
servations ofa series, or between observed and caloulated yalues—which discrepancies or differences are known as Mesiduals, 

The Probable Error (P-E.), of series of observations is & value derived mathematically from theso residuals ; it affords an 
index to the reliability of the figures given, and is prefixed by the sign +, which means that it-ia an even chance whether, by the 
snotnt of the probable error, the value given is greater, or leas. The smaller the probable error, the greater the reliability. 

Method of Least Squares.—A method used to ascertain the most probable mean value derivable from « number of different 
observations, Tt is based on the principle that the ‘weights’ (degree of accuracy) of observations, with different probable errors, 
are inversely proportional te the squares-of their probable errors, 

polation; Extra —fnterpolation is the provess of finding values for dates, hours, quantities, &e., intermediate 
to those given ina Table, For ordinary purposes, the proportional amount of the difference between the figures for the two 
nearest dates, quantities, 0, usually suffices, it being assumed, for simplicity, that the change in the interval ia uniform: 
tore accurate result, useful when maximum or minimum occurs between tho dates, is obtained by plotting on squared paper 
several snocessive dates, or figures, on each side of the one not given, and drawing a curve through these points, 

Extrapolation, a sitilur process, extends» series of figures beyond the limit of the Inst figure actually known ; there being 
only one limiting figure, however, it is less simple than interpolation, 

Contracted Notation employs the factor ‘10, with small index figures, to express large numbora ina small space, The 
index figures may be taken as indicating the number of ciphers to be added after the 1. .A minus before the index figures indic- 
ates 4 fractional number, viz, 1 divided by that number; thas 10—= 1/1,000,000¢h or 000001, from which it appears that screws 
index figures show the position, after the decimal point, of the first significant figure of the decimal fraction, the number of ciphers 
before the 1 being one fess than the index number, The following are examples with decimal factors — 

123 « 10"= 123% 1,000,000 oF 124% 10! 1,230,000, 129% 10-8§= 1-23 « 000001 or 123 x 10-$=128 x 00000001 = 00000123, 
Note to make the index of the 10 such that the figure before the decimal in the other factor is I fo 9 only; thus 123 x 10" is correct, 
not the 123.* 10" illustrating the working: the iidex of 10 (both + and —) is then the ‘characteristic’ of the logarithm of the No. 

WO S10 eee ee =P with Leiphorafterit) W0-! 02 2. 4. = 1 in the Ist place after decimal point. 

| 2nd 


17 #1000... Bee hae | Py 3 ciphers jt Id-? =0-0] (1/100th) 44 " : "W + " 
1 =1 million one oa se | Ce i " 10-8 = 00] (1/millienth) m th " ” ™ 
10° =10 million. 0 CULT. 10 =0:0000001 (1/10-millionth). 7th |. : 
10° =1 billion (USA, &e) 1, 9 2 0 10-" = I/billionth (U.S.A.) ap cs : 
 10%=1 billion (British) .. 1 012. | i0-%= =, (British) ith , : 


x ASTRONOMICAL TABLES, 
Magnitudes and Relative Brightness of the Sun, Planets, and Principal Stars, (Ist magnitude star taken as 190), 
Han of Star, ac, AE Mristiiness Name ot sir = Hae lprtchines | maccitteer Ae / Raintire Hameo Stier «| AEM | Reber 
Sun vee — 26° |(sattteas || Achernar =... 0-60] Istd e Canis Major, 168) (ot § Canis Major. 196 | O41 
Moon (Full) —122 190,550 || § Centauri ... O86) 114 ce Vrem Major, 108) O53 A Canis Major, 10a) O40 
Venus (max.) —425| 1204 j} Altair... .. O89) LO y Orionis ... 170) O02 Magnitude £200) O40 
Jupite® ... —225) 19°96 Betelgouse ... O02) 105 eCentauri ... 170) O52 Polaris . lea) wae 
Murs* .... —2 25) 1003 Magnitude 100) 1:00 A Beorpii ... Pel | ObR Mavnitude 250) O85 
Mercury (max) — 1-8 | 118 Aldeharan ... 06) O05 e Carine ... 74) (6 > we FOO) O16 
Sirius woe — 1-58) 10-77 |] Spica... =... PL | O82 e Orionis ... 175) O80 ot a. Sh) O10 
Saturn® .., -O03) O62 || Pollux... i ARE) O88 8 Tauri a. 178] O49 dl 400) 0,06 
Canopus ... -O'8G) 555 || Antares ve b82) O82 || BCarinw ... 180) O48 . we 450 O04 
Magnitude O00) 201 Fomalhaut ... 129) O77 a Triang. Aust. 188) Odd e .. £00 | O93 
Vega we Of4| 221 Arided oe A'S | O74 a Persei aw 100) O44 zs .. #£30| 002 
Capella... O81) 207 Thegulus PM) O79 y Ursm Major, 1:01) O43 * .. FO) OOl 
Arcturus .. O24] 201 B Crucis a. FO) O63 { Orionis ... 191 | 0-43 Uranus*® -- 28) OOS 
a! Centauri O33) pas || a Crucis... P58) of9 7 Geminorum 195) O42 | Magnitude 6:50 O00 
Rigel a O84) 184 Castor... ww. 18 | O59 € Sagittarii ... 105) O42 || Neptune® ... 77/0008 
Procyon... O46] b6L | y Crucis a. 168) O40 a Uree Major. Luo! O42 Pluto* (14-5) | GOOD 





Ratlo of Brightness, fuinter or brighter, for a difference in magmitude (“ Diff") of :— 
Dum Natio «= DA Math «= DEM Hatles patio «DME vty © TH Tiatlo «| DU. Mtatly = DA,Rutlo «= Mtl =D Matton 










Bin | i 
OL | 110] O5 | 1-58 9 OD ) 2-291) 13) BBL 1) 1°75) 501) 30) 1585 9 GS) 19849 | BO) 1584-9 1 105) 15,849 || 190) 158 490 
O02 | 1-20 || OG | 1-74 |] 10 | 251 || 14) 383 18) &25)) 36) Sole 6-0) 261-19 85 2511-9 |] 11-0) 25.119 |] 13-8) 251,180 
035/120 || o7 | var | ta | aca il | aa |] 9 | o-75]] 40) 3041 |] 66) 308-11 | 90) Bost-1 | 115) 39,811 | 14-0) 898.110 


03 | 1-32 | 075 200] 12 | a0z|| 16) 437 || 20 | 631|| 45) 63-10 | 70) 630-96 
o4 | 145 108 |2-00 1 1-25) 3-16 |] 1-7) 4-79 |] 85 | 10-00]) 50/100:00 1 75100000 


Distance and Magnitude :—Increase of distance (" Dist") for o difference (* Di") of 1 to 20 magnitudes. Thus a Mag. 5 
star placed 100 times further away would be 10 magnitudes fainter, or Mag. 15, (Mag.-diff, x02 =logarithm of distance-increase), 





ye 6309-6 || 12-0) 63,008 || 145} Ga0,960 
10.000-0 |] 12°5)100,000 |) 1-0/1 000,000 


if Die TA Diet 8D frie ht Pat et Dit = [riet. Det. Tsk, Do = Die bit Trt Die Lint. Bit, = Tidat. 
4/126} 2/fol |] 4) G81] 6/1585 | B/SaT | 10/1000 | 12/2512 | 14 \6d10 | 16) 1889 18 | 3881 () 19 | 6310 
1,158 |] 3/308 5 |10-00 T | 2512 | 9 | 63-10 | 11 | 1585 ]] 13) 308-1 |] 15) 1000 | 17 | 2512 181 5013 ean 

















Mean Refraction (Bessel }p—For 60" F. (10° C,), and barometer 29-6 ins, (752mm), Other Temperatures, add 1% per g* F. 
(28° C.) flower, deduct if higher: Pressures, add 34° por ineh (25-4 mm.) if higher, deduct if lower; =abt. 1 # finch, or ® 6mm. 















































Ali Teetraction, Ali. Mefraction, Alt Refraction, Alt Mefroction. AbL Heffuction. Alb Refraction. Alt. Boefraction, Alt. palreatien: AIL. Hefracthm. AQt. lefrantian. 
Oo) 34° 54°] 7) 2 any 3) 4’ 1" 6) 8 2a] o| of 40") 12"; 4°25") 15") F 32725) 2 3 40) 1° 965) oO ay" 
4 | 31 iat a4 a9 1-7] 7 20110) & 16)}13) 4 & 16; 3 19 |) 30 1 40) 45 0 68 | 0 160 
;/20 32lis os! 9 a7! © aol) 4 alta) 3 47 {)29) 2 3735] 1 221/50) 0 48\/90/ 0 0 
Light-Years equivalent to Parseos.— Multiples by 14, 100, shift point one, two, places to rt. P., parsece; L/y,, light-yrs. 
* bs fe lyr. Be ly | ae & tr Bote. rae B.-L ee oe E tl. Bt 
1) 3-50 7 6) 19-504 11/3565 | 165214 91| 68-44 |) 26) 84-73 f] 31) 101-03 || 36, 117-32 41) 1Sa4i2 || 46) 149-91 |) GO) 16-54 
2) &518 7 32-819 12) 3-11 17| 55-40 22) 71-70 27 87-99 32 10420 || 87 120-08 || 42, 136-88 |] 47 153-17 |) 70 22819 


3) 9-777 || 826-078 || 13) 42-37 || 18, 58-66 || 23) 74-00 28 91-26 || 33) 10794 || 38 123-84 a3) 140-14 |} 48 15648 || 80 26072 
413-036 || 9 20-091 || 14] 45-63 |) 19) 61-92 |) 24) 78-22 | 29 o4a1 a 10-81 |] 99 127-10 |) 44) 143-40 |] 48 159-69 |] 90 203-31 
516-200 |) 1032-590 | 15! 4-8 || 20/65-18 I} 25/81-48 I] 30, 97-77 I 35) 11407 140 130-36 4 45)146-66 T 50 16205 7100 425-90 


Parsees and Light-years equivalent toany parallax (er), “0001, 0002, ke., move parseo or light-yr, decimal one place to rt, 

















ar | Parnes | Lightyre, | (Parenoe | Light-yre, we | Parance | Tight-y w | Poneecs / Lights. gw | Paretes | Light-y. oe | Poreees | Ligtst-y, 
001") L000 | 3200-0 |) 021") 47-82 | 155-19 |] O41") 24°39 | TH40 |] 061" 1639 | Bo43 081") 12°35 | 40-24 || 12") eas | 87-16 
002 | soo-0| 1690" |) O22) abas | 148-14 |) O42 | 2381 TT 062) 1619 | 52-57 || 082) 1220) 3H75 | 14) F414) 24-25 
003 | 3333| 1086-3 || 023 | 4345 14180 |) 43 | S26 TH70 063 | 1987 | b1-74 || 083) 1205) e026 | 15) Gos | 21-72 
004 | 250°0| B1a74 |] O24 | 4167 | 196-70 || O44 | 22-73 | F400 |) 068 | 1ha | GO-be 984.) 1190) 35°80 7] -16 |) GBs | 2087 






































005") 2000) GL-7O |) O25" 4000 | Lat-ad O45" 22-29 Faas || O65") 1638 Bird } 085") 11-76 | 3834 | -1B"| S36) 1411 
006 | 1ee-7) 54216 || O28) ae-46 | Les-a5 |) O46 | 21-74 | FORA |] O66 | 16-15 | 40-29 |) “086 1h63) 3700 |] 20) o00)| 16-20 
007 | 142-9| 465-50 |] 027 | 87-04 | 120-70 |] O47 | 21-28 | Gad |] “O67 | 14-93 | abt O87 Pi) ar46 | 22) ano) 148] 
008 | i250] 407-87 |] 028 | as71 | 1630 |] O48 | 2683 G71 |) 068) 71 | 088 | 186) 3703 | Be) 4-17 | 13-55 
009 | 111-1) 262-11 |] 029 | ara | 112-38 |} 049) goat 66-51 || 069 | 1440 a724 |) O89 1124 | Meas | BS) 400 | 104 
010") 100-0 | 220-00 || 030" 32-33 | 10608 |} O50") s0-05 | 65-18 O70") Laze | 4666 |) 080") L111 | BGS 26") Sas) 12d4 
11 | 90-91 | 296-27 |] 091 | 32-26 | 105-13 || OBL | 19-61 | E390 |] OTL | 14-08 | 45-90 |) O81 | LOO) SoBS Y BB | aT | Tite 
‘012 | sa-aa} 271-68 |) 082 | 1-25 | 1o1-s4 |] 052 lees | Gees || O72 | leo) 4527 002 | 1087 | S542 || 30) 3a) 10-86 
‘013 | se-92| aonn |] 09a | soo | gaye |] 053 | 1e87 1-49 |) “O73 | 19-70) 4460 |] 08S 1075 | 35:04 |] 35) 286) O31 
O14 | 7-143) 23270 |) 034 | 29-41 | ones |] O54 1852 GOD |) OTE) 151 4404 094 | lH | 2467 |] 40) B50) B15 
O15" 66-07) 217-27 |] 035") 2857 | a 11 |) 06S" 118 | ae25 |] “OT” 1333.) 43-4 |) 095") 1002) S41 || 45") fee) 724 
016 | eso) soaee || 0396 | 27-78 | pons |) O56) ITE | FBO |] O78 | 1-16 | 42:88 |] “086 | 1042 32-05 || -Bo| 200! Se 
O17 | 58-82) LOV70 |] 037 | 2703) Ba08 |) CGT) 1754 O77 |) OTT 12-99 | 42-39 || 087 (1031/4360 | bo | 182) oe 
018 | 65°56! 181-05 || 038 | 2632) so°76 |] 058 | 17-24 HOBO || O78 | 1262) 41-78 || 098 | 100 83-26 || 60) 107] 643 
“O19 | 52-63, 17153 |] 030 | 2oG4) Sand || 059) 16-05 ) bots 079 | 12-06) 4126 |) 099) 10°10) 3202 | +65) 144) 01 
020°) 5000 | 1é2-05 1) 040" 95-00 | B47 | O60") 1G | 54-32 080'| 1-50 | 40°74 I -100" lu00 | 3259 |) 10) 4a; 4:66 

* Monn opposition magnitudes: star magnitudes only are from the HE 75", 133) 43 


ASTRONOMICAL TABLES. xi 


Parsees or Light-years equivalent to Km/seconds Velocities, at $00 km/scoonds (310°00 mile/secs,) per megaparace ; 
or 153-42 km. /seos, ee ‘3 mile/seea.) per runes i haea For per km/ or mile/ day, or year, multiply by 66,400, or 214 millions. 


fm Millions of: a mb ae liom: MAL intws apf 2 a Sent km Mallon a = a Million af i— py oe Ml oid - 
ora es, DY, ete, | Li some. Pi, Lt. om. i | aece, | Pus. Lay, Pareece Tel orw 
100 020-7 1) 1500. 4 0 4-8 4500) o-0' 20-3 peal 9000 15+), 55-7 |] 15.000 20-0 or 8 | 21 000 42-0) 26-8 35.000 Toho 295: 1 


200 0-4 1-3 |] 2000 | 4-0/13-0 |] 5000 10-0 326 |] 10,000 


| 


20-0 Gf-2 |] 16,000 | 32-0 104-3 ]] 22.000 44-0]143-4 | 40.000| 800) 260-7 
300 0-9 2-0 |] 2500 5-0) 16-3] 5500 110 45-6 11,000 | 22.0) 71-7 17,000 84-0 1108 23,000 46-0) 1404) |] 45,000) 90-0 203:3 
400 98 26 }} 3000 60/196] 6000 120 391 }) 12.000 24.0 75-3 || 18.000) 36-0 117-3 24.000 49-0) 166-4 50,000 L000 820-0 
500/14) 33 |] 3500 7-0' 22-8 |] TO00 140 45a 13.000 260) 4-7 19.000 | 28.0. 123-8 25.000. 5hO) 163-0 |) 55 000 110-0 358-5 
1000 2-0 6-5 | 4900 5-0 261 go00 16-0521 "14.000! 28-0) 91-3 20 000 40-0 1304 1 30,000 80-0) 195-6 60 000 120-0 991-1 
Kilometres converted Into malas — Fe Nvpins by 10, 100, 1000, shift decimal point one, two, three places to the rights 


kmemiles km =milee km tells Em. ke, =milee lee. online fon. venibes him, tlie km, Suis fa. =aille ke, ==miles 
1. (621 |) 6) 42-728 () 11) GSa5 | 16 3048 21) 13-049 f] 26) 1-156 bee 36) 22-2609 41/85-476 1) 46) 24-583 9 60, 37-282 


2. 1-243 || 7 4-350 || 12. 7-456 |] 17) 10-s¢3 1] 22/14-670]] 27 16-777 || 82| 19-884] 37 22-991 || 42 26-098] 47 20-204] 70 43-496 




















3) 864) 8) 4971 |] 13 8078 |] 18) 11-185) 23] 14-292) 28) 17-494 33| 20-605 || 38 23-613|| 43 26-719 48) 20-826|) 80) 49-710 
4) 2485 |] 9) 6-502 || 14) 8-600 || 19) 11-808 | 24) 10-013) 29) 18-020) 34) 21-197 | 39, 24:299) 44 27-340 | 49 30-447) 90, 65-023 
6 3-107 "20 e214 15) ga]1 Y 20) 1-497 |] 25115534 |} 30) 18-001 N35) 21-748 17-962 |) 5031-069 |] 100 62-137 


Centigrade Degrees converted Into Degrees Fahr. (nearest 100, after 1000"). For any temperature (under O°, wee lower + r=: 
"F. =" C. « as 5+32; C= =CE. Pit) n 540, For the egal 4 above 0' C. add, =! below wabtract feo, oth dl sa 10%. = a 


*d ns 2 “ 5 is Fo ' =F, “a. 
~273)—400 80 )—11 10° 110°| 230 9 210° 110}) 310 786"| 1383 5500" 8900 11000") 10800 21000") 27800 
230) 418]) 70) 94]] 20) 68}) 120/248] 220 428 1832 6000, 10800 "12000 21600 | 22000 8600 
200, 328]) 60 7a] 30) 28 130 266 2700} 6500 11700 /] 13000 23400 || 23000 41400 
160, 238] 50 58]) 40 104]) 150 25s 24 |12000 a600 |} 7000/12600 |] 14000 25200 | 
140/220] 40 40]) 50 122}) 150 02 2800/4500 |] 7500) 13500] 15000 27000 } 
130 202]) 30 22] 60 140] 160) 220 3000 5400]] 8000 14400 16009 28800 
120 154]| 20) —4]} 70 188]) 170 338 +} 3500 6300] 8500 | 15300 17000 30000 
110 166 ]}-10 +14) 80) 176) 180) 256 } 4000 | 7: 9000 16200 || 18000 32400 
109, 148], 0) 32]) 90/194) 190 374 4500 8100] 9500 171001) 19000 24200 ee ban 
~99 -130]] +5 +41 |]100 212]] 200 a92 6000 9000 |] 10000 18900 |] 20000 | 33000 || 40000 | 7 

*K’ Degrees converted into Centigrade and Fahrenheit Degrees \\o neerest 100", after 1000") 100K,"=100C."=180F 


ee 
0 | - 278-400 | 500) 227| a4l | 4000'2700| 67009 7500) 7200 13,000 14,000) 13, 700) 24, 700 | 25 000 24 700) 44.500 
15,000| 14.700 26,500 |) 30,000 29,700 63,500 


100-173-280 || 1000) 7287/1341 |} 4500' 4200) 7000} 8000 7700 | 13,900 





A000 O00 
30000 64000 






























| —Ta |—90 1500) 1200 2300 5000 4700 BH00 |] 9000) 8700 (16,700 |] 16,000) 15,700) 28 300 25,000 334,700) fi2,500 

n6 | —18 oO 2000 1700) a100 6500, sath 400 10,000, 8700) 17,500 1) 17,000) 5,700 90,100 40.000 | 9.700) 71 500 

273, 0 | +32 2500 2300s g000 5700 10,300 || 11,000 10,700 19,200 ]] 18/000] 17,700, 81,900 |} 45,000 44,700 80,500 

300 +27 |+81 |} 3000 2700 po 6500, 6200 11,200 |} 12,000 11,700|21,100 |} 19,000) 18,700 | 33,700 || 50,000 49,700 | 89,500 

400 | +127) +201 AsO | 7000. BTO0 12. Loo 13,000 12. TOO | 22 B00 20,000 19,700 | 36,500 |] 60,000 59.7 107,500 
The Greek Alphabet. The «moll letters are on the left, the capitals on the right. 

Letter Sane Letter Name Latter ‘awe Letter Sane Letter Name Letter = Nanve 

a Alphe ... Affe Epsilon... E ffs Tota... 1 » Nu .. 8 fp Eho we P | do Ph . > 

B Beta ...B if eta .. Z ix Kappa .. K PE Xi . || o Signa «. xy Chi oak 
Gamma ...I" || y Eta .. AH | A Lambda... A lfo Omicron... | r Tau «.. T [| Pai wo W 
Delta ..4 I @ Theta ... 8 Ip Mu we A iw Pi oy F v Upsilon ... ¥ w» Omega ... 0 


Degrees equivalent to Right Ascension Hours and Minutes :— See Table on page 39. Decimals of a Degree, p. xvii. 
No. of Seconds of Are: in 360°, 1,296,000"; in 1°, 2047", No. of Seconds of Time: int day, 86,400 sec, ; in 1 hour, 3600s, 


Velocities of Gases at C” Temperatures, H, hydroyen; Me, helium; 1,0, water; J, nitrogen; @, oxygen; CO,, carbonic acid. 
=200°C. - 150° -1o0°-§0° OC, + 50° 100° 200° 3co° 400" -200" -150° — 100° - 50° O'C. +50" +100° 200° 300° 400° 
7. Of6 133 146 166 184 200 215 242 267 fap N. vas 033 039 O44 049 093 O57 O44 O71 O77 
Me 008 O88 104 1:18 131 42 53 172 100 206 Oo O24 O31 O37 O42 O46 O50 O84 O61 OAT O72 
F7,0082 042 048 O50 062 O87 OFF ORE ON ODT CO, 020 026 031 O65 O39 O42 O46 OL OST OL 
Ionisation Potentials.—The second value is the voltage required to removea second electron ; it differs widely, Potassium, 
volts, 43,22; Sodium, 61,90; Lithium, 6-4, 64; Calcium, 61,125 Titanium, 4, 14 ; Maguesium, 7%, 15 ; Iron, 6-2, 19 ; Silicon, 
82,16; Sulphur, 103,...; Carbon, 113, 245 Hydrogen, 13-5: Oxygen, 13, 45; Nitrogen, 142, 30; Hatfans #44, b4 (eae p20), 


Foil 


M0 (pp, atti onwiirds, in Appendix) ASTRONOMICAL CONTRACTIONS. 


Astronomical Signs or Symbols (occasionally-used aymbols in brackets) »— 
Signs of the Zodiac, Aries Taurus Gemini Cancer Leo Virgo Libra Scorpins Sagittarius Capricornus Aquarius Pisres 


Symbol, 7" ¢ U cn nm ™ == Mm f i) = ba 
Sun, &e.— Sun Mercury Venus Earth Moon Mara Minor planet Jupiter Saturn Uranus Neptune Pluto Comet Star 
Symbol. ©(O) ¥ ¢ @(8) } @ uf h me Pr y * 
Other Signs. Ist of Aries, Conjunction, Quadrature, Opposition, Node (longit, of), Moon’s Phases:— New, Ist qr., Full, 3rd qr. 
Symbol, ... o oO e $2 oscending oa ® > © f 

Langit: fr. Bun, = 0° By" 180° 2) descending, Longit. from Sun,=0" 0" 180° 270° 


Symbols of Elements.—A, Argon; 4/, Aluminium; Ae, Beryllium; (Carbon ; Co, Caleium; Cr, Chromium ; Fe, Tron ; 
#, Hydrogen; Ae, Helium; A, Potasssium ; 21, Lithium ; Wg, Magnesium ; dfn, Manganese ; 1, Nitrogen; Vo, Sodium: ¥¢, Neon; 
0, Oxygen ; 2, Phosphorus ; #4, Rubidium ;.5, Sulphur; Se, Seandium ; $i, Silicon; Sr, Strontium; 7%, Titanium ; 4r, Zirconium, 

Significance of + and —. For Direction, + indicates (#) northwards; (4) ‘direct’ or ‘positive’ motion —‘¢, to the left, 
or eistwanis, when looking south: — indicates (a) southwards; (4) ' ‘retrograde | or ‘negative’ motion —1.¢., to the right, or west- 
wards when looking south. Variable Stars; + indicates that « maximum or iniaimum is later than the predicted date; —, that 
it is earlier, Comets; a5 for Variable stars, + later, — earlier, to indicate departure from the ephemeris, or the elements. 

Earth's Areo-, and Zenographic Dec,— When +, the planet's North pole is presented to the Earth; when —, the South pole. 


Declination ;— passe ret CEN Lhe 2 — Position Angle Sun's Axis:—| Radial Velocity :— 
+ =North of Celestial oqr. + =Displaced beh ve ) + =. on E. | of the Hr. + =Recession frou Sun, 
= «Sunth ra 2 eae We wt Circle -— =Approuch to 
Latitude :— + Displaced to 5. Clue.) Proper Motion, Precession :— | Saturn's Rings:— (p. 24). 
+ = N.| of Ecliptic, or of | <— eel si + =Northwards (in Dec) + .=Earth e -of ring-plane. 
— #8, | Earth's or Galact, tine nate, p. 47) — =Southwards co —= » e = 
pag — [eqr. Magnitude :— + = “ries (in RA) =| Sun's RS :— [p. 38). 
= 1 of Greenwich. + =Fainter than mag. 00 - = Pr = + =8. of centre of dise. 
Ej om = Brighter " a ou Lighttime 4 tater = earlier, 4 - oN, i" 7] 
ene Contractions.—Thoss for Astronomical Socictica, Publications, Star catalogues, ke. aro given on yp. vi-vil. 
A ‘Right Ascension G.C.T. Greenwich Civil Time K. Kolyin (Ate temp, pit) | P.M. Proper Motion 
AU. Astronomical Unit G.MLAT.,, Mean Astron. Time| Lat. Latitude RA, Right Ascension 
» Angstrom Unit | G.MLN. Greenwich Mean Noon | Long. Longitude U.T., T.0.* Universal Time 
G1 Colour index GALT. o n» Time | Mig. Magnitude S.D. Seni-diameter 
O.M, Central Meridian H.f, Heat Index N.PLD. North Polar Distance ZD, Zenith distance 
Dee, Declination | HAP. Horizoutal parallax > 2. » Sequence nf North following, = 
Eqr. Equator | LA. International Angstrom| ©. —C. Olwerved — calculated ap » preceding, 
Gal. Galactic J.D,-P., dation Day & Period | PLA. Position Angle ap) South preceding. i 
G.E. Greatest elongation JAD. » Aste. Duy, pO | PEL Probable errer ay » following. 


d, days; 4, hours; m., minutes; a:seconds: mm., millimetres; cm; centimetres; ba., kilometres. —//y, light-years, 
Astronomical Symbols for Positions, Magnitudes, Parallaxes, &o. (fuller list facing front cover), (LA.U. proposed, 1935), 


a Right Ascension Az Azimuth, A Altitude A Wave-length, in Angstroms, p.16/ MW Magnitude, absolute 

6 Declination : Zenith Distance # Micron, =1/1000th mm. m » apparent 

2 Latitude (celestial), aaa a or ¢ Hour Angle = 410,000 Mp yy Whertnd 

k Longitude ,, os 7 Parallax, annual, in“ fp 1/milbonth mm. = 410 Age = » pbotovisual 

G Galactic longitude P o oo Bepimatorinl horizontal e Obliquity of Eeliptic ‘Wp » oo photographic 
q » —-datitude p Annual precession (general) ) p Orbital period ting 1 oo internat, pe. 
& Heliocentric latitude p Position angle, p. 5, & Time, Equation of Mi » » bolometric 

i - longitude p Proper motion (total annual)|, ,, of observation Tig » w»  Mdiometric 
db Geographical latitude: ¢' geo- | H, 7, 1, Velocity,t radial (re-|fu ,, mean: te True time jm, . 4  photo-red 

L ,, longitude, + W. [centric ceding +),tangential,spatial.|@ ,, sidorenl: @, al mien midnight) im... infra-red 


Constallation Abbreviations, Three wad four-letter contractions (Int. Astr. Dnion, 1929, -32), (Motus replaced hy Pyxia, 
And Andromeda Andr | Cha Chameleon Mensa Mens | Sel Sculptor Soul 
Ant Autlia Antl | Gir Oireinus Cire For Fornax Forn | Mic Microscop'm Mier} Seo Scorpins Sour 

















Aps Ajpus Apus | CMa Canis Maj. C Maj! Gem Gemini Gemi Mon Monoeerna Mone! Set Seutum sett 
Aql Aquila Aqil | CMi Canis Min, C Min) Gra Grus Gros | Mus: Musen Muse | Ser Serpens- Serp 
Agr Aquarius Agar | Che Cancer Canc | Her Hercules Here | Nor Norma Norm! Sex Soxteans Sext 
Ara Ara Arne Col Columba Colm | Hor Horologium Horo | Oct Octans Octn | Sge Sagittes Sete 
Are Argo Argo | Com Coma Ber, Coma) Hye Hydra Hyde) Oph Ophiuchus Ophi | Sgr Sagittarius. Sptr 
An Aries Arie Bes Corona Aus, Cor A! yi Hydrus Hydi | Ori Orion Orio | Tau Taurus Taur 
Aur Auriga Aur | CrBR Corona Bor, Cor HB} Ind Indus Indi | Par Paya Pavo | Tel Teleseup'm Tels 
Boo. Botites Bont Crt Crater Crat | Lac Lacerta Lace | Peg Poegasua Pegs: | TrA. Triang. Aus. Tr Aw 
Cas Crelus Cel | Cro Crax Cruo | Leo Leo Leon | Per Perseus Pers | Tri Triangulum Tria 
Cam Camelopard, Cai ml | Cry Corvus Cory | Lep Lepus Lepa | Phe Phenix Phe: | Toe Toons Tuer 
Cap Capricornus Capr | CVn Canes Ven. C Ven) Lib Libra Libr | Pie Pictor Pict | UMa Urea Major U Maj 
Car Carina Cari | Cyg Cygnus Crgo | LMi Leo Minor L Min) PA Piscts Aust. Pac A) TMi Uren Minor U Min 
Cas Cassiopeia Cass | Del Delphinus Dlph | Lup Lapus Lapi | Pao Pisces Piso | Vel Vela Velr 
Cen Centaurus Cent Dor Dorado Dora | Lyn Lyne Lyne | Pup Pappix Pupp | Vir Virgo Virg 
Cep Copheus Coph | Dra Draco Drac | Lyr Lyra Lyra | Pyx Pyxia Prxi | Vol Volans Voln 


Cet Cetus Ceti | Equ Equulens Equi | (Malus=Pyxis} ... | Ret Reticulum Reti | Val Vulpecula Vulp 
* Germany, W.%, Weltweit. + Helative to the Sun, _2 From imean and trie midnight. 


A STAR ATLAS 


AND REFERENCE HANDBOOK 


I—NOTES ON STAR NOMENCLATURE, &c. 


The Constellations.—The origin of most of the constellation names is lost in antiquity. Coma Brnentors was 
added to the old list (though not definitely fixed till the time of Tycho Brahé), about 200 B.C,; but no further 
addition was made till the seventeenth century, when Bayer, Hevelius, and other astronomers, formed many constella. 
tions in the hitherto uncharted regions of the southern heavens, and marked off portions of some of the large or ill- 
defined ancient constellations into new constellations.* Many of these latter, however, were never generally recognised, 
and are now either obsolete or have had their rather clumsy names abbreviated into more convenient forms. Since 
the middle of the 18th century, when La Caille added thirteen names in the southern hemisphere, and sub-divided 
the unwieldy Argo into Carina, Malus (now Pyxis), Poppis, and Vela, no new constellations have been recognised. 
Originally, constellations had no boundaries, the position of a star in the ‘head,’ ‘ foot," &e., of the figure answering 
the needs of the time; the first boundaries were drawn by Bode in 1801, For List of Constellations, sce last page. 

Star Nomenclature.—The star names given on the last but one page have, for the most part, been handed 
down from classical or early mediwval times, but only a few of them are now in use, a system devised by Bayer in 

1605 having been found more convenient, viz., the designation of the bright stars of each constellation by the small 
letters of the Greek alphabet, a, 9, y, &e., the brightest star being usually made a, the second brightest 6—though 
sometimes, ae in Urea Major, sequence, or position in the constellation figure, was preferred, When the Greek letters 
were exhausted, the small Roman letters, a, b, ¢, &e,, were employed, and after these the capitals, A, B, dc.—mostly 
in the Southern constellations, The capitals after Q were not required, so Argelander utilised R, 8, T, &c., to denote 
varioble stars in each constellation, a convenient index to their peculiarity (see also p, ix). 

The fainter stars are most conveniently designated by their numbers in some star catalogue. By universal con- 
sent, the numbers of Flamsteed’s British Catalogue (published 1725) are adopted for stara to which no Greek letter 
has been assigned, while for stars not appearing in that catalogue, the numbers of some other catalogue are utilised. 
The usual method of denoting any lettered or numbered star in» constellation is to give the letter, or Flamsteed 
number, followed by the genitive case of the Latin name of the constellation: thus « of Canes Venatici is deseribed as 
a Canum Venaticorum. These genitives are given in the list of constellations on tho last page, facing the cover. 

Flamsteed catalogued his stars by constellations, numbering them in the order of their ‘Right Ascension'—that is, 
the number of hours and minutes they southed after the southing of a certain zero peint among the stars (p.2). Moat 
modern catalogues are on thie convenient basis (ignoring constellations), as the stars follow a regularsequence. But 
when Right Ascensions are nearly the same, especially if the Declinations (p. 3) differ much, in time ‘precession’ may 
change the order: Flumsteed's 20, 21, 22, 23 Herculis, numbered 200 years ago, now south in the order 22, 20, 25, 271. 

For convenience of reference, the more important star catalogues are designated by recognised contractions : 
thus * B.A.O, 2130" is at once known by astronomers to denote the star numbered 2150 in the British Association 
Star Catalogue of 1845. In most star catalogues a number is assigned to each star included in them, whether it has 
a Greek or other letter, or not. Thus, Pega is @ Lyre, 3 Lyre (Flamsteed’s number), and (constellations ignored) 
Groombridge 2616, A list of some of the best-known catalogues, and their contractions, is given on p. vii. 

Constellation Boundaries, —Bode's boundaries were not treated as standard, and charts and catalogues iasned 
before 1950 may differ as to which of two adjacent constellations a star belongs. Thus Flamsteed numbered in Camelop- 
ardus several stars now allocated to Auriga, and by error he sometimes numbered astarin two constellations. Bayer, 
also, sometimes assigned to the same star a Greek letter in two constellations, ancient astronomers having stated that 
it belonged to both constellation figures: thus § Tanri=y Aurigw, and a Andromedm=6 Pegasi. 

To remedy this inconvenience, in 1990 the International Astronomical Union standardised the boundaries along 
the Jan, 1, 1875, ares of Right Ascension and Declination, having regard, as far ns possible, to the boundaries of the 
best star atlases, The work had already heen done by Gould on that basis for most of the &. Hemisphere constellations, 

* Antinous, added in acp. 130 by the Emperor Adrian, waa lung combined with Aquila as‘ Aquila et Antinous,” page J 


_ 


2 NOTES ON ASTRONOMICAL TERMS. 


The L.A.U. Boundaries.—These do not change their positions among the stars, thus objects can always be 
correctly located, though, owing to precession, the ares of Right Ascension and Declination of to-day no longer follow 
the boundaries, and are steadily departing from them, After some 12,900 years, however, these arcs will begin to 
return towards the boundaries, and 12,900 years after this; on completing the 25,500-year precessional period (p. 6), 
will approximate to them, but not exactly. 

II. NOTES ON ASTRONOMICAL TERMS. 

The Star Sphere, a convenient terin used in speaking of the heavenly bodies and their relative positions, derives 
its name from the appearance of the heavens to an observer: he seems to be at the centre of a vast hollow sphere (half 
of it unseen, beneath his feet), which revolves round the Earth once each day, The stars seem permanently fixed to 
the inside surface of this sphere—their vast distances practically nullify their actual rapid motions—nond are known 
as fired stars, in contrast to the * wandering stars’ or planets, which move among the others. Rather more than half 
the star sphere isseen at one time, as refraction adds a strip equal to the breadth of the Moon's dise in the sky, 

The Celestial Poles and Equator.—The pivots, as it were, on which the star aphere revolves, are enlled the 
Celestial Poles; they are directly overhead at the Terrestial Poles. Half way between them is the great circle of the 
Celestial Hquator or Bquinoctial, which passes directly overhead at every point on the Terrestial equator. 

Culmination: Southing.—A celestial object cu/minates when it reaches its highest point ahove the observer's 
horizon. In the N, Terrestrial hemisphere, souths is used in the same sense, as culmination is always at the instant when 
the object is due south of the N, Pole; in the 8, Terrestial hemisphere, objects culminate when due north of the 8. Pole, 

Rising and Setting of Stars.—aAt the Terrestial Equator, the Celestial poles lie on the horizon; all the stars 
remain above the horizon for half aday, and theif rising and setting, and paths in the sky, are at right angles to 
the horizon, At the Terrestial poles, on the other hand, the Celestial equator coincides with the horizon, parallel 
with which the stars move in circles, neither rising nor setting, the other half of the star sphere being never seen. 

In intermediate latitudes there is every variety between theae extremes, but always some stars never set (and a 
corresponding area round the opposite Pole never rises), also the paths in the sky are sloping to the horizon—all in 
proportion to the observer's nearness to, or remoteness from, the Terrestial Pole or Equator. 

The stare which rise and set always do so at the same points on the horiszon—unlike the Sun, Moon, and plancts, 
which rise and set at different points on successive days, In temperate latitudes, cspecially, those of them nearest the 
observer's Celestial pole rise far north (3. hemisphere, soufh), and are above the horizon most of the twenty-four hours ; 
as distance from the Celestial pole increases, they rise further and further south (or worth), and their time above the 
horizon diminishes, till, for the stars furthest south (or north), they set again a very short time after rising. Stara on 
the Celestial equator rise due EL, set due W., and are 12 hrs. above the horizon, all over the Earth—except at the Poles. 

Btars rise, *south’ or (‘north’), and set, ata given hour only once a yer, always on or about the same date, for they culminate 
nearly four minutes earlier each day, and make $66} revolutions in 365} solar days, On one dey in the year, *southing,’ &e,, 
ocr fete, for when a star souths at 12.1 om, it will south ag@in at 11.57 pm. the same day. This occurs with the Superior 
planets (p. 24) nlso—Mars, and the asteroids in general, about each second year—their mean daily motions being lessthan the 
Eorth’s, Mara and Venus, however, may not sonth at all on one day in the yenr, 

The Stars that never set or rise.—Stars never set when their distance from the Celestial pole is less than the 
observer's angular distance from the Terrestial pole. Or, stars with Declination (p. 3) greater than the observer's (o- 
latitude (his latitude subtracted from 90°) never set; the corresponding area round the opposite Pole never rises, 

The Ecliptic is another important great circle on the star sphere, which intersects the Celestial equator at an 
angle of 234" (the Olliquity of the Keliptic*), and lies in a plane which passes through the centres of the Sun and the 
Earth: it represents the yearly path of the Sun's centre on the star sphere, ws seen from the Earth, or the Earth's as 
seen from the Sun: it is shown in Maps 3-14, The Eeliptic Poles, the points on the atar sphere 90° from the Kcliptic, 
(about 234° from the Terrestrial poles), are at R.A. 1Sh., and 6h., and Dec. 664" N., and 8., respectively. 

The Eeliptic and its poles are ‘sensibly’ (i«, for ordinary purposes) fixed on the star sphere, but change slightly in centuries, The 
former also represents (a) the central line of the Zodiac (p.3); (b) the average path of the Moon, Mercury, and Venus, on the 
ater aphere (pp. 8,25), but not those of the other major planets—though these are alwaya near the Ecliptic, except Pluto, 

The Vernal Equinox or First Point of Aries, the zero for the celestial measurements corresponding to 
terrestrial longitude, is the point of intersection on the star sphere, at any moment, of the Celestial Equater and 
the Ecliptic, at or near the point where the Sun crosses the former from 8. to N. about March 21. 

This point —the Tree or Apparent Lqwinex, or The Equinor of any date—moves westward on the Ecliptic 1/7th second of 
are every day, but is nevertheless the most convenient point for the purpose, as the Sun's position in the sky, measured from it, 
remains practically the same on a given day of the year for thousands of years, by the leap year arrangements of the calendar, 
though those of the stars slowly change, ‘Vernal Equinox,’ whew used 14 connection with meaneements, always means this moving 
True Equinox, but the /iteral Vernal (spring, p.6) equinox is the instant when the Sun's centre actually crosses the Celestia) equator. 

The Moan Hawinos, is the True Equinox corrected for the irrygularity (max. 2 1} sees.) called mutation in Right Asounsion 
(p.7). Positions in star charts and catalogues are measured from it, at the time when the Sun's mean longitude is 280", about 
Jan. 1: thus for 1900, the star positions are called ‘mean places for 1900°0'—* +)! after a your always indicates the 250" start, 

The position of the First Point of Aries is about five moon-breadths E. of the end ofa line drawn first from 


a Andromedm to y Pegasi (which form one side of the ‘Square of Pegasus’) thenextended downwards for the same length, 
* Mean, Jan, 1, 1938, 23° 37 SL" (annual docrease O47), may vary 9" from mean. 








NOTES ON ASTRONOMICAL TERMS. 4 


The Meridian is that great cirelé on the star sphere which passes through both Celestinl poles, and through the 
eouith of the observer; it always meets the horizon due south and north of the Pole and the observer. (in the meridian, 
meridian paaswege, returns to the meridian, have the same meaning as culmination, or transit (see below). 

Transit,—A colestial object Yransita when it crosses (a) the meridian of a place—Upper Transit = culmination: 
or (éjany selected line on the star sphere: The term is also used for a meridian or spot crossing the centre of a dise. 
Lower Transit, or Lowe Culmination, of a ‘cireumpolar’ star which never sets, is at the opposite side of the Pole, 
twelve sideral hours after upper transit, when the star is nearest the horizon. 

Tromeit also denotes the passing, o& a black circular spot, of Mercury and Venus serosa the Sun's disc; or of a 
satellite or its shadow (p.26) across the dise of its primary. Jngress is the entrance on to the disc; egress, the departure, 

Celestial Positions —As the star sphere hasan Equator and Poles, taking the meridian through the Vernal equi- 
Hox as zero, the position of any object in the sky can be indicated in the way places on the Earth are located by their 
latitude N, or 8, of the Equator, and their longitude from Greenwich. The corresponding astronomical terms, however, 
are Declination and Right Ascension, ancient astronomers having unfortunately (for similarity of nomenclature) used 
the terms latitude and longitude to denote measurementa referred to the Eeliptie, instead of the Celestial equator, 

Declination (contracted 4, or Jee.) corresponds to terrestial latitude ; it is mensured in degrees North or South 
of the Celestial equator. Tho International Astronomical Union recommend the use of + and — instead of Nand 8. 

North Polar Distance (contracted NV P_D. or P.D.), measured in degrees (0° to 180°) from the N, celestial pole, is 
sometimes used instead of Declination, as it obviates the use of negative signa, and all chance of error with N. and &. 

Right Ascension (contracted «, #A,, or At), corresponds to terrestial longitude, it is measured enstwards, or 
counterclockwise, on the Celestial equator from the True equinox, sometimes in degrees (0°-360"}, usually in-sidereal 
hrs, (A), minutes (m.), seconds (s.); Lh,=15", 1’=4m. Every observatory has a clock regulated to this sidereal 
time (p.9); when it shows Ohrs, the True equinox is on the observatery's meridian, 

Asthe True Equinox culminates daily, it is easy to note how many hours, minutes, and seconds elapse from its 
culmination to that of any other object; this interval is the Aight Ascension of the object. Objects that culminate at 
the same instant as the True Equinox have R.A, Ohes.; those culminating | hour later, RvA. 1 hr.; those 2 hrs, later, 
KA. 2 hire, and so on up to 24hrs., the Ohra. of a new sidereal day: of course minutes and seconds are also used, 

Right Ascension hours, &e., are very slightly shorter than these of ordinary mean time, the 24-hr, sidereal day being only 
23 brs, SG min, 4sece. mean time in length, or about four minutes shorter than the mean solar day. (Seep. 8). 

Hour and Declination Circles,—An Nour Circle, or a Declinution Circle, is the great cirele passing through 
a celestial object and the Celestial poles; the former term is preferable, a3 the latter is liable to be confused with 
‘Declination Parallels” which are not great circles, These terms are also applied to the graduated circles on ‘equatorial’ 
telescopes (p42); the hour cirele is graduated in ROA. bre and minutes, and the Declination circle in degrees. 

Colures.— The Equinoctio! Colure is the great cirele of R.A. Ohra. and 12 hrs.; it passes through the Celestial 
Poles, the First Point of Aries, and 180° of celestial longitude. The Solwitial Cofure is the great circle of TA. 6 hrs, 
and [& hrs; its passes through both the Celestial and Ecliptie Poles, and through the Solatitial Points*. 

The Zodiae (literally ‘circle of the animals,’ most-of the signs represent living creatures) is the belt of the sky 
8-9" on each side of the Ecliptic, within which the Sun, Moon, and the planets known to the ancients are found. 

Starting yearly at the First Point of Aries, it is divided into the twelve ‘Signs of the Zoding’ (see symbols, p, xii}—each 60° 
of longitude on the Eetiptic—which, howerer, do wot ecinelde with the constellations of the sume nome, although they did «some 
2200 veurs ogo when the First Polit was named, precession having carried them westwards some 40", or a whole sign, 

The Invariable Plane of the Solar System, passing through the System's centre of gravity, forms an unvarying 
reforence plane, as it does not change its position in space owing to mutual planetary perturbations, as the Ecliptie 
does. Inclined 1° 35° to the Ecliptic plane, 7° to Sun's equator; longitude of ascending node 106° 35° (epoch 1850), 

The Fundamental Plone, in oceultations and celipses, is that passing through the centre of the Earth ot right 
angles to the line drawn from the star, or the centre of the Sun, through the centre of the Moon, 

Alternative Reference Cireles.—The Celestial Equator, though the most convenient for finding or recording 
positions on the ater sphere, by KoA, and Dee,, ican unsuitable reference circle for many purposes, and other great 
circles and reference planes are used instead, The position of an object is indicated, with respect to the — 


1, Golestial Equator Pre by ite Declination, and Right Ascension, from the Vernal equinox (pa) 
2, Ecliptic, (o) from the Earth’scentre ., Geocentric Latitude, and Longitude, = mF (pe 4) 
a: we (8 » Suri's A 3e » Hellneentric el Mn ey ot = a (p. 4) 
4, Horizon of the observer... -» » Altitude, and Azimuth, from the N. or S. point re te 
§. Meridian... ie a ens » Hour Angle from the meridian, and Declination from the Celest, Eqr 4 

6. Hour Circe or Doclinntion Circle. » Position Angle, from the North Point As = . 
7. Galactio Plane, ar Milky Way ... 4 Galactic Latitude, and Longitude, from nodé on Celestial equator — (p, 4) 
&. Sun's Equator aa ie oe » Heliographio ,, ~ » arbitrary zero... = 
f. Planet's or Moon's Equater oe yw Planetagraphic,, 7 (Seleno-, Zeno-, de,, «graphic, see yp. 4) 
10 Limbof the Sun, Moon, or Planet » Distance (¢) from the North Point; (+) from the Vertex ip.) 


Thus there are several kinds of astronomical latitude and longitude. But unless qualified hy an adjective, in astronomy 
these terms usually mean Geocentric Latitude and Longitude, referring objects to the Ecliptic and the Earth's centre. 
* In Celestial longitude 00", 270" (or TA. th. 18h.) ail Dee 234° Noand &, 


4 NOTES ON ASTRONOMICAL TERMS. 


Geocentric Positions,—All astronomical observations are necessarily fopocentric—i.e,, made from # point on 
the Earth's surface—but for simplicity, the figures in Tables are always geocentric, that is, calculated ns if bodies were 
observed from the Earth's centre. The reason is that the topocentric values differ with the posit‘on of the observer 
(except for stars—too distant for appreciable change), but are easily obtained for any place from the geocentric values. 

Angular and linear distances are in general measured from centre to centre of the bodies concerned, and those 
calculated as-seen from the Sun, or a planet, are also given for the centres (heliocentric, &c., values, sew below}, 

Latitude and Longitude (unqualified by an adjective) refer celestial objects to the Earth's centre and the 
Eeliptio instead of to the Celestial Equator, and therefore do not correspond to geographical latitude and longitude. 
They are used for calculations involving angular distance from the Sun, as seen from the Earth, of planets and comets, 
—phase, opposition, &c.; the same definitions, but referred to the Sun's centre, instead of the Earth's, are termed 
Aeliocentric latitude and longitude, ‘The Earth's heliocentric longitude is the Sun's geoventric longitude +180", 

The Longitude of a celestial object is the angle in degrees (0°-360") measured eastwards, between the First Point 
of Aries (7) and the fout of a perpendicular drawn from the object to the Ecliptic. Similarly, the Latitude of o 
eclestial object is its distance in degrees N, or 8. of the Ecliptie, measured on an are at right angles to the Evliptic. 

Longitnde and Right Ascension both start from the First Point of Aries, and both are measured eastwards, but the former 
is measured in degrees along the Eoliptic ; the latter along the Celestial Lqmetor, in hours, &c, (but 1 hour R.A. is exactly 15°, 
4 minutes exactly 1°), As the plane of tho Ecliptic lies at an angle to thet of the Celestial Equator, however, a movement 
of 1° in longitude does not exactly correspond to 1° (te, 1/15th hour, or 4 minutes) in FLA,, beeanse (a) the direction of 
mnaurement ix different, and (6) the respective degrees muy differ in length on the star sphere—as, for instance, where the 
‘great circle’ degrees of the Ecliptic traverse the narrower R.A. degrees measured on the parallel of Dec. 20°, ‘The * precession : 
(p. 6) of the First Point of Aries coutinnally changes longitudes, the longitude of the perihelion of each major planet increasing 
some 2° per century ; bot latitudes alter very little, as the Ecliptic is almost fixed on the stur sphere (p. 2). 

Latitude, similarly, differs from Declination. Both are measured on area of great circles on the star sphere, but 
whereas all Declination circles pass through the Celestial poles, all cireles of Latitude poss through the Ecliptic poles, 
234° from the Celestial poles, The parallels of latitude, therefore, are always inclined to those of Declination, and a 
motion of 1" in latitude is never exactly 1° in declination—except along the Solstitial colure (p. 3), which intersects 
the Eeliptic and the Celestial equator at right angles, and passes through both the Celestial and Ecliptic poles. 

Heliographiec, Selenographic, and Planetographic latitude and longitude refer objects to the equators of 
the Sun, Moon, and planets, respeetively—the equators with reference to the axis of rotation. They thus exactly 
correspond to geographical latitude and longitude, and positions are denoted by them in the same way—by Intitude 
N.or 8, of the equator in degrees, and by longitude on that equator froma zero meridian. Their chief use is for 
recording the positions of markings on the surface, such as spots, lunar craters, ke, Areayraphic, Zenographic, and 
Satvrnigraphic, are the terms for Mars, Jupiter, and Saturn, respectively, 

The gere meridian on the Moon is that of the ‘mean centre’ of the dise, and longitude is measured E. or W, of it in degrees ; 
for Mars-and Jupiter, see the V.4. On the Sun, Jupiter, and Saturn, there being nv fixed markings, sero meridians ean only be 
arbitrary. The Sun's is based ou an assumed unvarying sidereal rotation paried of 25-48 days (see p.22); the longitude ia measured 
(0° te 360°) from left te right oking south, across the non-inverted apparent dise—i ¢,, in the direction of the Sun's rotation, 

Measunsl on the star sphere, instead of the body's surface, Aolio-, selene-, ke., -graphie latitude and longitude correspond to 
solar, lunar, &e., Declination and RA., but ArMoeentric, areocentrio, &c., latitude aml longitude are usually employed for this 
sense, They are used for indicating the position of the Sun's equator with reference to the centre of the disc, the amount of 
lunar libration, openness of Saturn's ring’s, &e.—published annually in the Vawtica! Admance. 

Galactic latitude and longitude refer objecta to the Galactic Plane (p. 31) or mean plane of the Milky Way— 
important for problems regarding the distribution of the stars on the star sphere. Galactic latitude ij measured in 
degrees N,or S. of the Galactic Plane; Galactic longitude, along the Galactic plane (0° to 360°), from its intersection 
with the Celestial equator about KA, 18h.40m,, and measured in the same direction as R.A. (but see note, p, 31), 


ae) ——z 


Altitude, Azimuth, Meridian, &¢.—These refer the positions of celestial objects to the observer's horizon. 
The altitude ofa heavenly body is its vertical angular distance in degrees above the horizon ; its azimuth, the horizontal 
angular distance in degrees between the ohserver's 8. or N. point, and the foot of a perpendicular drawn from the object 
to the horizon. Inthe N. hemisphere, azimuth is usually measored from south (0°) westwards, ie, from the mertaian, 
already defined as the great circle passing through the Celestial poles and the north and south points of the observer. 
The senith and nadir are the points in the sky directly over the observer's head and below his feet, respectively, we, the 
poles of the horizon; the prime vertical ia the great circle passing through the zenith and the observer's east and west 
points, corresponding to the Solstitial colure in R.A. and Declination. The amplitude is the are of the horizon between 
the E.or W, point, and the foot of the vertical circle passing through the object, (Anplitude of variable stars, see p.33), 

Hour Angle.—The hour angle of a celestial object refers it to the meridian of the observer; it is used in caleula- 
ing an object's altitude or azimuth, the time of its rising or setting, &e., and may be defined as the difference between 
its Right Ascension and the hour of R.A. on the meridian at the time of an observation, or the angle which the hour. 
circle passing through the object makes with the meridian—for most purposes expressed in hrs, &e., of sidereal time. 
Tt is measured westwards or clockwise from the meridian seuth of the Pole (8, Hemisphere, N. of the Pole), 
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Position Angle: North Point.—The Povition Angle of w planet's axis, or of any line on the star sphere, is its 
inclination te the hour cirele (p. 3) passing through the centre of the object, This circle is the most suitable one for 
reference, as, unlike the horizon, it is stationary with respect to the stars, and being perpendicular to the horizon at 
the instant of culmination, can be used for finding the inclination to the horizon at other times (see diagram, p. 35). 
The Vorth Point is the point on the hour-circle nearest the N, Celestial pole, in the field of view. 

(#) Donble Stars. The position angle is the angle which the line joiming the components makes with the hour-cirele through 
the brighter star of the pair; it is measured in degrees ((" to $60°) from tho North Point to the fainter star, and round 
to the other stur clock-wise, or tm the opposite ciraction to A.A. 

(6) Sun's or Planet's axis. Tho position angle is measured to it from the North Point on the dise, ‘Thia varies throughout the 
year; but for the Sun, on the same date it is abont the same every year (seo the WV.4., and diagram on p. 36) The angle 
is measured from 0" to 360" for the Moon and planets, asin (a); bet for the Sun, E, (+) or W. (—) of the hour circle. 

Limb, Cusps, Vertex.—The Limé is the edge of the Sun's, Moon’s, ora planet's dise; the Cusps, the horns of the 
erescent (less than half-illamined) Moon, Mereury, or Venus. The Vertex, sometimes used for occultations, is the point 
on the limb furthest above the observer's horizon ; distances from the vertex are counted eastwards from 0" to 960". 

Opposition.—Mars, and the outer planets (p. 24), are in Opposition (symbol 2), when 140° of longitude (or 
12hrs. R.A.) away from the Sun on the star sphere: this occurs annually (Jupiter, 11 yrs), but biennially for Mara 
and most asteroids. They are then on the meridian about midnight, and nearer the Earth than when not in opposition, 

An opposition is ‘favourable’ when the Earth and the planet are near the point where their orbits most closely 
approach, and as this point is always about the same longitude, favourable oppositions always take place ahout the 
same dete in the year (given on pp. 24 to 26), and the favourableness or otherwise of any opposition can always be 
judged by its nearness to, or remoteness from, that date ; the least favourable are six months later, 

Conjunction: Syzygy.—A celestial object is in conjunction (symbol 6) with another celestial bod y when their 
longitudes are the same, but the term may also denote equality in Right Ascension—as in_V_A, ‘Phenomena,’ for some 
objects, Mercury and Venus are in /aferior Conjunction with the Sun, if the conjunetion occurs when they are on 
the side of the Sun nearest the Earth: in Superior Conjunction if they are on the far side of the Sun, with the Sun 
between the planet and the Earth. The Moon is in Syzygy when in conjunction or opposition, i, when Now or Full. 

Appulse.—An appulse is the near approach of one celestial body to another: the term is also used for approach- 
ing culmination, conjunction, &e.; as, the appalse of a star to the meridian, of the Moon to the Earth's shadow, 

Orbital Motions.—The orbital motion of a planet or comet round the Sun, or of a satellite round ite primary, is 
Direct when from W. to EL; Astrograde, when from FE. to W.: similarly the seeming motions of the planets among the 
stars, as seen from the Earth, A planet is Stationary when its movement is reversing to thy opposite direction. 

A planet or comet is in Pertheltoen (=) when at the point in its orbit nearest the Sun: in Aphelion, when at the 
point most distant; in Quadrature (C)), when 90° in longitude from the Sun. The Moon and the planets are in 
Perigee when at the point in their orbits nearest the Earth; in Apogee, when at the point most distant, Perirentrs and 
Apocentre are the corresponding general terms for a satellite with respect to its primary: for Mars, Jupiter, Saturn, 
Perimartivm, Perijove, and Perisaturnium, are used, A planet's Slongation from the Sun is the angular distance in 
degrees as seen from the Earth; the Greatest Blongation of Mercury and Venus is when that angular distance reaches 
a maximum—not necessarily the very greatest. A comet in Recession is moving away from the Sun, after perthelion, 

Elliptical Orbits.—The Mejor Axis (symbol for semi-major axis, «) is the greatest length, usually expressed in Astron, Unite: 
midway in lt is the Centre of the ollipso. The Minor Aria (sumi-minor, 4) isthe line drawn through the centre at Tight angles, the 
greatest breadth: the Forn—occupied by the Primary (p.7)—one of two points, equidistant from the eentre, such that the sum 
of their distances from the foti to. anv point on the orbit is constant, and equal to the major axia, 

The Eooentrivity (o) is the ratio, to the semi-major axis, af the foons-to-centre distance ; the Radive Veetor (r), the line joining: 
the contre of a planet, comet, or satellite, to that of its primary, usually given in A,Us, The Apuicles (plural of wpsis) are the 
éxtremitics of the major axis—the points of perihelion, aphelion, perigee, dec,; the Line of Apeides, that axis extended indefinitely, 

The Nodes are the points whore a planet's or comet's orbit intersects the Ecliptic on the star sphere—a.e,, when the abject ia 
in the Ecliptic plane:*where the object crosses from &. to N. is the Ascenciing node (2), from N. to 8, the Desvending node (7), 

The Anomaly [tree] (¢) is the actual perthelion-focus-planet angle, measured in the direction of the Planet's motion: the Jeun 
Anomaly (Mf), that angle calculated for uniform, not actual, motion: the Lecentrie Anomaly (a) is derived from it, Af=~a—esine tie 

The Elements of an Object are seven factors required to determine (a ) Position in space of its orbit—1, the semi-major axis: 
2, the eccentricity ; 3, the inclination tu the Eeliptic: 4, the longitude of the asconding node: 3, the longitude of the perihelion : 
(6) Position of the object at any time—G, the orbital period ; 7, epoch (position at a known date); or, time of perihelion passage, 

These are the Meliocentric or Fixed Elemente—the object's relation to its primary, the Sun, ignoring other planets, The 
Baryeentric Elements are those referred to the Bitryorntre, or contro of mage of the Solar System, inatead of the Sun, which give a 
better average orhit—though the belioventric ane corrected for perturtations (disturbances) by the other planets is more accurate, 

The Ceculating (Grint ia that which « planet or comet would pursue if, at some specified Instant, the Epoch af Orscwlation, all 
the planets should cease to attract that body, and leave it free to move under the attraction of the Sun alone. 








* To an elliption orbit, the mode-perihelion-node angle is alwayn less, in degrees, than node-apholion-node, hut the difference fa trifling 
if the eccentricity i small, aa in the principal planeta. Also s planet attains ite maximum heliocentric latitude, above the plane of the 
C Ecliptic, haliway between the nodes—at about 90" longitude, for the principal planets, which have nearly-cireular orbita, 
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Planetary Periods.—The Sidereal Period of a planet, its true period of revolution round the Sun, is the time 
it takes to make a complete circuit round the star sphere, from star to star again, as seen from the Sun, not the Earth. 
Tho Synodic or Apparent Period of a planet is the interval ax sen from the Earth's centre, between successive 
oppositions (or conjunctions) with the Sun; or, for a satellite, between successive similar elongations or conjunctions 
with its primary, The Anomalistic Period is the interval from any point in a planet's orbit to the same point again 
—for instance between successive returns to perihelion or to aphelion; this period, and also that of successive returns 
to the same node, is practically the same as the planet's sidereal period. 
The Synodic period determines the dates of opposition, conjunction, &e.; the Sidereal period, those of the opening and clo-ing 
of Saturn's rings, also of the recurrence of a planet's greatest N. or 5. latitude—important for observing Mercury. 
Secular Acceleration.—An apparent shortening of the periods of Sun, Moon, and planets, as compared with those eal. 
culated on the basis of uniform motion—a shortening so minute as to be only detectable in ‘secular’ periods, ¢,¢., those of the 
order of « century ; itis expressnd by the number of seconds of are por century the object is ahead of the uniferm-metion pesition, 
It is simplest: to suppose that the periods do not change, but that ourday, the unit of measurement, is slowly lengthening (partly 
through tidal friction) by some 1/1000th of a second per century, on the average, so that after a century the number of days in a 
year is « fraction less than before, 68" of the Moon's acceleration, however, is due to other causes than the lengthening day. 
Secular acceleration of the Moon, wbout 10" per century (1337 sidereal months) ; of the Swi, about 15 per century, 





Rotation Perlods.—The Sidereal rotation period of the Sun, or of a planet or satellite, its true period of axial 
rotation, is the interval between a star's successive returns to the same meridian on the Sun's or planet's surface. 

The Synodio or Apparent rotation period of the Sun, or of a planet, is the interval, as seen from the Earth's 
centre, between successive returns of a meridian on its surface to the centre of the dise. The apparent rotation 
periods of the Superior planets merely vary to and fro a very little on each side of the sidereal rotation periods, 

The Sun and the plancts—Uraunns excepted—have actually the same ‘direct! rotation as the Earth (from W. to E, looking 
south), but to us are aeon revolving from E. to W., because the hemisphere wesee faces in the opposite direction from our hemisphere. 

The Equinoxes and Solstices.— ie Vernal and Autumnal Kquinoses are two daysin the year on which, every- 
where on the Earth, day and night are equal, whence the name. The instant when the Sun crosses the Celestial equator 
into the N, Celestial hemisphere,-on March 19-22, determines the Vernal or Spring equinox (also the solar year, p. 2); 
this instant may be distinguished as the literal Vernal equinox, in contrast to the moving conventional Vernal equinox 
used for RuA. The Autumnal equinox is on or about Sept, 23, when he recrosses into the 5. Celestial hemisphere. 

The Solstices nro on the longest and shortest days of the year, on or about June 21 and Dee, 22, when tho Sun 
attains his greatest angular distance N.or 8, of the Celestial Equator} and ‘stands’ for an instant before turning back; 
the Equinoxes and Solstices always keep to these dates, by the Leap year arrangements of the calendar. In the South 
terrestial hemisphere the seasons are reversed, Sept, 23 being the spring equinox, Dee, 22 the summer solstice, 

Precession of the Equinoxes is the annual occurrence of the (literal) vernal equinox, about Mar. 21st, nearly 
2) minutes (1/25,800th year) before the Earth has made a complete orbital revolution round the Sun, so that each 
year, at that instant, he crosses the Celestial equator at a slightly different point, 25,800 years will elapse before he 
again crosses at that point, As the result of precession, every star—except those less than 234° from the Ecliptie pole, 
—passes through every hour of R.A. from Oh. to $4h., once every 25,800 years; also the Declinations, every 12,900 
years, swing to and fro 47° (23)° x 2), greatly changing the stars visible at a given place, or season. 

Precession is due to a continuous minute tilting of the Earth's axis by the Sun and Moon, which canses the Celestial poles and 
equator (always overhead at those of the Earth) te change their places continuously among the stars in harmony, so that each 
successive foment the Celestial equator intersects the Ecliptic at a slightly different point (in the opposite direction to the 
Earth's orbital motion) of the one it would oceapy if left uidistarbed, Thus precession is continuius, not a yearly jump, 

The tilting is the reault. of the bulge at the Earth's equator, inclined considerably to the plane of her orbit round the Sun, 
and also to that of the Moon. Half of the bulge is above and half below the plane of the Earth's orbit, part of it considerably, 
and the Sun's and Moon's pull on the elevated (or depressed) portion nearest them is stronger than their pull on the more distant 
depressed (or elevated) portion opposite. This tends to tilt the Earth's axis towards the attracting body, and, by the gyroscopic 
law applicable to the rapidly-rotating Earth, causes the Earth's axia (which would otherwise always point to the same position 
on the star sphere) and the Celestial poles to rotate round the poles of her orbit (te, those of the Ecliptic) in circles 234° distant 
from them, and in a period of 25,800 years, displacing the Vernal Equinos in the oppesite direction to her orbital motion, 

The Amount of Precession.—Every day the Celestial equator intersects the Ecliptic at a point about 1/7th of 
a second of are W. of the position the day before at the same hour, so that R.A. is measured from a slightly different 
pointon the star sphere each day, and each March 19-22, the literal Vernal equinox is 5026 W. of its position a year 
before—about $3 seconds of R.A, or 1/37 of the angular breadth of the Moon, or 1° in 71:16 years, or 1306 per century. 
Thos the First Point of Aries—which some 2200 yenrs ago was in the constellation of Aries—is now 30° to the west, 
in the constellation of Pisces. Star charts sooner or later cease to give reasonably accurate positions, owing to this 
ehange in the zero-point on the Ecliptic, amounting to a whole degree, or two Moon-breadths, in about 71 years. 

In Star Catalogues the precession in R.A. and Declination represents the co-ordinates of the total annual linear precessional 
motion of each star along the Ecliptic. Near the Celestial poles, the figures make it seem very great, but as regards actual 
chunge on the star sphere they are misleading. Among the closely-crowded nearly-converged hour-virelos of R.A, near the poles, 
a movement of many seconds in R.A. a8 measured along the very small Declination parallels, is only a few seconds when 


eouverted inte Equatorial great-circle measure, In converting a star position for procession, aclel ike atone, ewbtraet wntibe ai 
| " sae * At the Solstitial Paints, p. 3. ida nlibe signs 
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Nutation.—The precessional path traced on the star sphere by the Celestial Pole is a wavy line varying slightly 
from a true circle. ‘This irregularity is ealled Niutation, being, as it were, a ‘nodding’ of the Celestial poles to and 
from from the Ecliptic Poles, and though minute—about 9” on each side of the mean, or 18" in 182 years—perceptibly 
modifies the precessional displacement in R.A. and Declination, The Earth's axis posses the mean position about 
2800 times in the 25,800-year period. Nutation is due to the Moon's being sometimes above and sometimes below 
the Ecliptie, and so not always pulling on the Earth's equatorial protuberance in the same direction as the Sun, 

The above figures for nutation give the Ywtetion tm OhMigurty—the total motion of the Celestial Poles to and fro from the 
Ecliptic polea Nutetion in MA. is tts co-ordinate messured along the Celestial equator; and Mutation in Longitude, 
or the Lyuetion of the Equinoxes, its co-ordinate measured along the Ecliptic, 

Variation of Latitude.—Star Declinations show minute irregular cyclic changes up to 0"-04, due to the Earth's 
Poles wandering round ber mean rotation-axis counter-clockwise—the combined result af periods arising from (a) that 
axis differing from her axis of figure (442 dys.); (4) meteorological changes (lyr.}: max, departure from mean, 60 ft. 

Primary, Satellite.—Two (or more) celestial bodies which revolve round a common centre of gravity are 
physically connected : the larger is the Primary (the Sun, for planets and comets), the smaller, the Soted/ite—or for stars 
the Companion, which implies visual proximity, but not necessarily physical connection, Stars with motions similar 
in amount and direction on the star sphere (Moving Clusters, p. $2), are also taken as being physically connected, 

Phase denotes (2) the extent to which the dise of the Moon or a planet, as seen from the Earth, is illumined or not 
iJlumined by the San—in the latter case, ita Dark Phase, or Defect of JMumination, (4) Appearance or corifiguration, 
asin the V.A. ‘Phases of the eclipses of Jupiter's satellites’; Aspect is also used in this sense, (ec) The stage of progress 
towards maximum or minimam of a variable star, + dasckene the No. of days towards the former, — towards the latter. 
(2) In any periodic phenomenon, the fraction of its period which has elapsed since the last occurrence of a given aspect, 

Dork Phoae ia greatest in the Ruperior planets when they are in Quadrature (F)), 22, 20° longitude (or 6h. BR. AL), 
from the San, and therefore on the meridian about 6am. or6p.m. As phase decreases with increasing distance from 
the Earth, it is only observable on Mars, which becomes gihbows—i.e., not quite a full dise—nand on Jupiter, to the 
extent of a slight shade along the limb furthest from the Sun. On the other outer planets itis wholly unmensurable. 

Albedo.— When sunlight falls on « planet, part is absorbed, the rest reflected: the Alfedo of the planet is the 
ratio, to the total sunlightreceived, of the lichtit refeets in eff directions: this cannot be determined from full phase 
alone, and different formule give rather different reeults in some cases, sea the Table on p, vill. 

Refraction.—All observations of position hare to be corrected for atmospheric refraction, which raises a celestial 
object higher in the sky than its true position, by fully }° at the horizon, decreasing to 0" at the zenith (Table p. x). 

Aberration.—The velocity of light is not infinite compared with the Earth's orbital velocity, and the two 
velocities combined results in o small variable displacement (max. 20°-47 on each pide) of celestial objects from their 
true positions; the Earth's rotation causes a lesser aberration, At the end of a sidereal year, however, a fixed star 
returns to its original place, so far ns aberration is concerned. 

Apparent: True-—In astronomy ' things are not what they seem,’ in literal fact, Movements actually seen, 
and positions read off, by the observer, are in general not the real movements or positions, owing to refraction, aberration, 
Earth's orbital motion, &c., and are therefore called Apperent or observed movements or positione—Apparent Time, 
Noon, R.A., motion, ce, The 7rwe (real) values are ‘reduced’ from the apparent onea by eliminating the efiects of refrac- 
tion, and other factors modifying the actual valucs, but sometimes ‘Troe’='Apparent,' as in True Time, True Equinox. 

Epoch.—The date for which an astronomical catalogue, chart, or position, &c., has been calculated, as, sooner or 
later, precession, proper motion, &e., perceptibly change the positions given, and comparison at future ‘epnelia would 
be of little use without this date. The usual date is Jan, Ist of the year; that of this Atlas is Jan. 1, 1920, 

Ephemeris (plural Ephemerides), Any Table of calculated positions, &e., in connection with o celestial object. 
The American Ephemeria corresponds to the British Vaudical Almanac, and be some Tables not given in the latter. 

Equation.—A small correction on the figures actually observed, to eliminate instrumental, ocular, and other 
imperfections, grouped together as Systematic Lrrors—i.e., errors that always recur when the observations are repeated 
under the same conditions, and with the same instruments (Accidental Errors are those that do not recur, as from 
abnormal refraction, d&e.). Also a similar correction for orbital irregularity, as in the Lquation of Time, and of the 
Equinores (p,7). For the errors of the eye in observing, see an interesting paper in the J/.4.A., vol. 39, p. 4. 

The Personal Equation of the observer uffecta observations of every kind, and for refined work has to be found 
by experiment; the transit records of one observer are regularly late or early compared with those of another observer. 

Colour and Magnitude Equation, see p.13. Transits of the same star recorded in the hours after sunset and 
before sunrise, respectively, also seam to require an equation, a difference of some 0-06 second having been noted. 

Fundamental or Clock Stars, are stars the positions, &c., of which have been measured with the utmost care, 
and which are used as reference points for finding the R.A. of other stars with less Iubour. The positions of these 
atars for each dav is given in the ¥.d,; they are called ‘clock stars’ because they are used for regulating the clocks. 

Dependencies: a short, and accurate method of meusuring positions on star photographs from the Dependence 
Cenfem—an imaginary point, close to the image of an asteroid or planet, the position of which enn be exactly calculated, 
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A Day is (a) the axial rotation-period of the Sun, Moon, or a planet; (#) the interval between successive returns 
of a celestial body to an observer's meridian, With respect to the Sun, or a star, three ‘days’ are used in astronomy :— 
1, The ordinary Solar Day of 24 hours—atrictly speaking the slightly irregular interval between successive transits of the real 
Sun, but in practice taken os the unvarying interval between those of an imaginary ‘Mean Sun, adjusted to the average 
solar day, The true acrlar day ia variable to the extent of f1- seconds between the extremes, being 30 seconds over the 
mean solar day about Dec, 22, and 21 seconds under the mean about Sept. 17. A new day or date on the Enrth begins 

on the Date Line—the meridian 180° E of Greenwich, with deviations for geographical, &e., reasons, Julian Dey, my, % 
The Longest and Shortest Hoya are at the Solstices, but owing to the differenoe between Sundial and Mean time (local), and 
to changes in it resulting from the varying hour of sunset or sunrise in different latitudes, the dates of earliest rising and 

setting vary from the actual solstices with the latitude. There are two earliests and latests in low Intitudes (see p.xiv), 
2. The Sidereal Day (conventional) of 24 sidereal or MLA. hours, the interval between successive transits, wot of astar but of the 
ever-moving True Equinox (24h. 66m. 40905 seca, mean time); it is really the eguinoctial sidereal day, used in prefer. 
ence to (3) becanse the Sun's R.A.—being always 0’ about March 21—is always about the same on o given day of the year, 
3. The True Sidercal Dey, the interval between succeasive transite of a star (23h. 66m, 40000 secs, mean time, is the exact 
period of the Earth's axial rotation. Each year it falls behind (2) by 3°2 seca, mean time, or exactly 1 day in 25,800 years, 
As this is-nearly 1 hour per 1000 years, the stars familiar to us now as winter, spring, ke, stars will in some 0000 years 
be those of autumn, winter, &e, The true sidereal day is (itregularly) lengthening about 1/1000th second per century, on 

the average; in harmony, therefore, the sidereal year, expressed in days, shortens about 1/Srd-sccond per century, 

A Lunar Day, the interval between successive meridian transits of the Moon, varies from 24h, 88m, to 25h, 6m, 
and averages 24hrs, 51 m.; it determines the tide-interval from high water to hizh water, which is half a lunar day. 

Our Mean Time (Mean Solar Time) ix based on the mean solar day; True, or Apparent Solar Time, or sundial 
time—which varies slightly from day to day—on the Sun's actual southings; Sidereal Time, on the sidereal day, 

The Year.—The Solar, Mguinoctial, or Tropica! Fear (9652422 solar or $66°2422 sidercal dys) in which the seasons 
recur, is determined by successive returns of the Sun to the same equinox; or to the same ‘tropic’ or ‘solatitial point,’ 
the point on the star ephere where he attains his greatest distance N, or 8, of the Celestial equator, on mid-summer or 
mid-winter days: ‘tropic’ also denotes the Declination parallels on the star sphere passing through the soletitial points. 

The Stdereal Year (365-2564 days) is the interval between successive conjunctions of the Earth with a star, a 
seen from the Sun; it is the true period of the Earth's orbital revelution round the Sun, (Solar yearis 20} min, less), 

The Anomeatiatic Year (365°2596 days) is the mean interval between the Earth's returns to perihelion about Jan. 2; 
as it varies a day or two on each side of the mean, perihelion may occur twice in a calendar year, or not st all, 

The Jwian Fear, used in our calendar, has exactly 365-25 (3654) days: the fraction is adjusted by having Calendar 
Fears of 365 or 366 days, the latter in every fourth year divisible by 4 (leap yr.). All yeara have been Julian since the 
Julian yenr waa instituted in 45 a.c, except (a) 1582, which by the Gregorian revision of that year hod only $55 days 


(Britain and its American colonies substituted 1752, which had only 355 days instead of 366), and (4) 1700, 1800, 


1900, restricted to 365 days by the new Gregorian rule omitting leap year in century years not divisible by 400. 

The Lunar Yoor (354°3670 days) of twelve lunations, used in the Mahommedan calendar, has twelve months 
of 29 or 30 days cach, based on the plasia, or first observation, of each New Moon; it may have 354 or 355 days, 

Besael's Fictitiowe Year, used in the V.A, Mean Star Places, begins at the instant when the Sun's apparent mean 
longitude is 280°, on Dec, Slat civil date (in the W.A. ‘Jan, 0,’ to which it corresponds), or on Jan. Ist, 

The Selipse Feer (5460200 days), the interval between successive returns of the Sun to the same mode of the 
Moon's orbit, is the period of possible recurrence of both solar and lunar eclipses, which can only take place when these 
bodies are within a amall distance from the node. 19 eclipse years are 6585-78 days, almost exactly the same as the 
ancient ‘Saros' cycle of 6585-32 days, (1803 yra.), the period after which the same eclipses occur regularly for centuries. 

A Planet's Year denotes the period in which it completes one orbital revolution round the Sun, 

Lunar Months. —V'ie Synodie Month or Lunation (mean, 29°53059 days), the period from New Moon to New 
Moon, or between similar phases, varies between 29} and 29} days, New Moons recur on the same day of the year 
every 19 years (subject to leapyear disturbances)—the ancient Meftonte Cycle of 255 lunations, or 6940 daya But 
four cycles were found to displace recurrence a whole day, #2 235 lonations only amounted to 6939) days, so the more 
accurate Callippie Cycle of 0939) daya x 4 waa framed, which adjusted the error on the same principle as leap vear, 

The Anomalistic Month, from perigee to perigee, 2755455 days on the average, ia the period of the Moon's changes 
in angular diameter and luminosity, ns seen from the Earth; it varies a day or two on each side of the mean. 

The Sidereal Month (mean, 27-52166 days), the period in which the Moon circuits the star sphere from transit at 
the same instant ag a star back to transit at the same time with it again, is-alseo the short-term period (p.30) in which 
an oecultation may recur, or in which the Moon's close proximity will again hinder the observation of a star. 

The Nodical Month, or Draconitic Period (mean, 27:212220 days), from a node back to the same node again, is also 
the period in which the Moon again attains her greatest distance N. or 8, of the Ecliptie: it varies from about 27 to 274 
days, As the Moon's nodes travel westwards. along the Ecliptic about 14° per month, her path sweeps completely 
round the star sphere in about 184 years: the Ecliptic therefore represents the Moon's average path on the star sphere, 

The Tropical Month (mean, 27-32158 days), the Moon's period from conjunction with the True Equinox hack to 
conjunction again with that Equinox, is the period after which the Moon has again the same longitude, 
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Sidereal Time, used for measuring TL.A., is the interval, in sidereal hours, minutes, and seconda, since the pre- 
ceding meridian passage, at a given place, not of a star but of the True Equinox or First Point of Aries; each sidereal 
nour is 1/24th of the average interval (see below), and 9°85 seca, mean time shorter than the mean solar hour, making the 
sidereal day dm. 55°91s, (mean time) shorter than the mean solar day. Each observatory has a sidereal clock keeping 
this time, to give the hour of R.A. on the meridian at any time (Table p.xvi); at 0 hrs. by the clock, the True Equinox 
is on the observatory’s meridian, As that Equinox is not directly observable on the meridian, the clock is regulated by 
observing transits of ‘clock’ stars (p. 7) of known position, given in the V_A, 
Sidereal Time is thus:-a foce! sidereal time, menstred from, nnd keeping step with, the True Equinox of date, but differing 
from the sidereal time of every other observatory not on the same meridian. Being measured by a clock it is a uniform 


time, but it is not Actual Sidereal Time, the interval between successive transite of the Troe Equinox being slightly irregular ; 
the difference from the clock time, however, is too small to cause practical inconvenience. 


Uniform or Mean Stderval Time hos the same relation to ordinary sidereal time as Mean ‘Time has to True Time. 
Tt is measured from the Mean equinox of date, instead of the True equinox; the difference never exceeds + 1:2 seca. 

Mean Time, shown by ordinary clocks, is the interval since the preceding ‘mean midnight,’ or instant when, during 
the night, an ordinary clock, correctly regulated to the average length of the mean solar day from noon to noon, shows 
12 hrs., or mn 24-hour clock shows 24 hrs. dfvan Noon is the instant when mean time clocks indicate XIT, at mid-day, 
Each country has its own meridian for 0 hrs., (see below ‘Standard Time’). Local Jfean Time, see below. 

Apparent Time or Zrwe Time (solar), is Sundial or Loval Time, based on the observed interval (varies slightly, 
p. 8) between two successive transite of the Sun's centre at a given place, These differences, by acoumulation, may 
mount up to +15-16 minutes from the mean interval, thus to obtain the true Local Mean Time, a correction called 
the Bquation of Time has to be added to the True Time, or subtracted : this is given in almanacs, sometimes on the 
sundial (Tate, p. xiv). The Sun and clock agree, however, on or about April 15, June 14, Sept. 1, and Dee. 25. 

Astronomical and Civil (Mean) Time.—Both begin at midnight, the former starting at Olirs, the latter at 
12 a.m, and are the same till noon—in Civil Time 12 p.m., when the hours begin again with ‘p.m.', till midnight, But 
Astronomical Time, toavoid confusion with a.m. and p.m,, continues 13 hrs, 14 hres, &e., to 24 hrs, or 0 hrs., midnight, 

Interval between two Phenomena.—Till Dee, 31, 1924, the astronomical day ran from noon to neon, 40 that its last twelve 
hours were in the following civil day. As this ennaod confusion, on Jan, 1, 1925, the astronomical day beginning was put back 
twelve hours, to coincide with the civil day, Heneo in finding intervals, one before and the other after midnight Dec. 31, 1824, 
to obtain the true interval, 12 Aoure must be deducted from the apparent interval arrived at from the WA, dates and hours, 

The best way to find long intervals isto convert the dates into days of the Julian Period (see below) by the VA, Tables, 

Universal Time (U.T., 'T.U.), (Britain, Greenwich dfeon Time (GILT.); Germany, Weltzeit, World-time, WZ, ], 
denotes the Mean Time for the meridian of Greenwich, starting at midnight for both Civil and Astronomical Time, 
Outside Britain, Greenmmich Ciel Time (G.C7" J was often ased for this time till the L.A.U. adopted 2.7), 1935. 

Noon to noon astronomical time, when required, is designated GI, A.7'—Greenwich Mean Astronomical Time, 

Standard Time is an international arrangement for facilitating inter-communication, whereby (a) Greenwich 
is taken ag the universal zero of longitude and time, and (4) the official mean time of each country or large district 
differs from Greenwich time by an exact multiple of halfan hour, For the various Standard Times see almanaca, 

Local Mean Time, required for finding the clock time of sunrise, southing of the Bun, &c., is the true mean time 
of the meridian of a place, On the standard meridian, ata given hour, the local time is slow compared with that 
of places to the E., where the day begins sooner, but fash compared with that of places to the W.; hence to obtain local 
mean time, add to, or subtract from, the standard mean time, 4 minutes for each degree the place is E. or W,, respect- 
ively, of the standard meridian, Theos if using, in other places, the Sunrise and Sunset Tables enleulated for the local 
time of the standard meridian (see the _A.), the longitude correction must be subtracted for E., added for W., as the 
phenomena take place earlier and later, respectively, than at the standurd meridian. 

Light-Time, the time taken by light to travel from a celestial body tothe Eurth at a given moment, has to be 
allowed for when computing trae rotation periods, do, For the Sun, nt menn distance it is 496-58 secs, (8°31 min.) ; 
the maximum is about 8-4in., the minimum, Sm. The observed maxima and minima times of variable stars require 
a + or — light-time correction for the Earth's position, as periods are stated for the Earth at mean distance, 

The Julian Period (7.P.), wed to calenlate the exact interval between jintes at Jong intervals apart, starts on 
Tan. 1, 4713 ne, at noon, The Julian Day, or Julian Date (contracted J,D_ yy is the number of days that have elapsed 
since the teginning of the Julian Period ; « Table in the ¥.A. gives the Julian Day corresponding to dan. | of each 
fourth year from 1 n.c,, which the Table calls ‘a.p.0', In ordinary chronology, 4.n,1 is the year following 1 tc, and 
on there is no zero year, when B.0, andl a,p. years are added, the resulting period in one year too great; or, if subtracted, 
one year too little, Calling 1 mo, ‘a.p, 0 (astronomical)’; 2.0, *] Bo. (astron,),’ and so on, gets over the difficulty, 

For astronomical purposes, decimals of a day are employed with the Julian Day, instead of hours and minutes, 
ag addition and subtraction are easier; thus Jan, 1, 1926, 9p.m,, astronomical time, is stated as J.D. 2,424,517 -375, 
veekoned from noon, But the Julian Period being still reekoned from noon, not midnight, note that all astronomical 
hours less than 12h. Om. (or 5 day), still belong to the Julian Day preceding the civil date. Thus Jan. 1, 1926, 9 a.m,, 


astronomical time, is J.D. 2,404,516" 875, ie, Dee. 31 1925, 21 hrs. of the Julian Period. (Decimals of a day, p, xvii), 
* Sometimes J.A.D.—Julian Astronomical D ay. 
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Parallax is the angular difference in direction of an object when viewed from two different standpoints, expressed 
by the number of seconds or minutes of are subtended by the line joining the two standpoints, aa seen from the object, 
The parallax of « star is reckoned on a different basis from that of the Sun or of a planet. 

In Diurnal Parellas, wed for members of the Solar System only, the two standpoints are the Earth's orntre and 
the observer, separated by the radius of the Earth's diurnal or daily cirewit; it is greatest when the object is on the 
observer's horizon—the fforteontel Porallar—and decreases to nero at the zenith, when object, observer, and Earth's 
centre are in the same line; aa ordinarily stated it is the Hywetoria! horizontal porallax, for the Equator, where the 
Earth's rndius is greatest, When the object is not on the horizon it has Parallax in Altitudes, which decreases to 0" 
at the xenith, The Moon has the greatest diurnal parallax, max. 1° 28’, mean 57".* 

Annual Porallae—used for stars and nebula only, their diurnal parallax being unmeasurably stall—is the 
angle subtended by the mean radius of the Earth's orbit—the yearly circuit, as seen from the star, Except for the verv 
nearest stars, the very minute angles involved make the results somewhat uncertain; photographs taken six months 
apart have replaced, with far greater convenienee, direct angular measurement, angles with a probable error as «mall 
as 0°01 (1/360,000 degree) being measurable. The greatest parallax known (0° 765) is that of Proxima Centiwri, 
though very faint the nearest star: it is pliysically connected with a Centaun, 2° away, which has peralinx ("-758,* 

A Nogetics Parallax (annual), stated in figures prefixed by minus, indicates an unsuccessful attempt at measure- 
ment, the distance of the star being made greater than that of the (assumed) much more distant comparison stars: 
the errors of observation may have oxceeded the amount of the parallax, or the comparison stars been more displaced. 

Stellar Parallax. —When stating a parallax it is usual to give the basis of measurement, so that the ‘weight,’ 
or degree of reliability, may be estimated, some of the many methods now available giving better results than others. 

Trigonometrical Parallax, the foundation for the others, is that mensured by angular observations, direct or photo- 
graphic, When measured with reference to some other stars, assumed to be much more remote on account of their 
faintness and small proper motion, the parallax is called the Jelative Parallax; if the average parallax of these 
reference stars can be estimated by some means, the relative parallax so corrected is called the Absolute Parallax, 

Absolute Magnitude Parallaxes are calculated from the absolute magnitudes deduced from various phenomenn ; 
comparison with known trigonometrical parallaxes shows that each method gives results more or less in fair agree 
ment:—Cephetd parallax, derived from variation-periods of ‘Cepheid’ variables (p29), is probably very accurate on 
the whole, subject to some uncertainty as to zero-point ; it is specially valuable for extremely remote objects. 

Spectroscopic Parallax is found from the intensity of certaim lines in some types of spectra; Spectral parallax, from 
spectral Type and Giant or Dwarf classification (p,16), where there is no marked separation into Giants and Dwarfs. 

Dynamic or Aypothetical parallax is a probable parallax calculated from the period and angular dimensions of the 
orbit of binary star, the mass of the system having to be guessed, As, however, the average star mass appears to 
be about that of the Sun (p. 16), this unknown factor can be estimated on that basis with little likelihood of introducing 
much error, 14, fortunately, a very considerable change in the mass value makes only a small change in the parallax. 

futerstellartine poralinx, based on a definite relation between the intensities of these lines (see p. 19) and the 
rotational term of the Galaxy, “should give more reliable parallaxes and absolute magnitudes than any other avail- 
able,” for the distant O and B stars, (Sea Pub, DAG. Vol. 6, p, G4, 1853), 

Mean Parallax, though not applicable to single stars, is valuable in statistical work for groups or classes of stars ; 
itis based on relationships of their proper motions to the velocity of the Sun's own motion in space, and the stars’ 
angular distance from the Solar Antapex (see p, 25), It becomes increasingly important as the lapse of time enables 
proper motions to be known more and more accurately. 

Secular Parallax, also for groups of stars only, is deduced from their ‘parallactic motions’ (p. 11), valued at 90° 
from the Solar Apex (p.23), Sseular Variation of parallax results from the radial motion of a stur towards or away 
from the Sun, which will, sooner or later, sensibly change its annus! parallax, 

Group or Statistica! parallax is based on the reasonable assumption that in a fair-sized group of stars, those of 
the same magnitude ure at the same average distance, the visual magnitude being thus an index of their distance, It 
requires, however, a starting point based on some other parallax, such as Secular parallax. 

Mose-luminostty parallax, found from mass-luminosity (p. 16), is perhaps not so reliable for the hottest stars, 


Astronomical Unit (A.U.),—The unit for Solar System measurements, and the base-line for stellar parallax, 
ia the Earth's mean distance from the Sun, 92,897,400 miles, or 149,504,200 kilometres (last four or five figures not 
significant), the distance corresponding to the mean equatorial parallax 8°80, This parallax, adopted in 1596 as the 
international basis for ephemerides, is expected to be near enough to the troe value to require no alteration later.* 

Unit Distance. The angular diamoter of a planet ‘at unit distance,’ used whon comparing the diameters of planets, 
is that which the planet would have, as seen from the San‘s centre, if it were placed at-a distance of 1 astronomical nit, 
A million astronomical units has been called a Siriometer, a term first used by Sir W. Herschel in another sense—the 
distance (then unknown) of an average first magnitude star, assuming brightness as an index to the nearest stars. 

* See p. vill for Table of Parallaxes. 
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Parsee: Light-year.—A Parsee is the distance of a star having « parallax of 1"; a Light-Yeor, the distance 
that light, travelling 186,300 miles (299,800 km.) per seoond, traverses in a year—a convenient popular unit. 

10 parsecs (a dakapersee, in Metric notation) is the distance at which absolute magnitude (p. 13) is computed ; 
a Ailoperses is 1000 parsecs, A .Megaparsec, for romote nebule, is a million parsecs, or 3} million light-years, 
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Radial Motion.—The Radial motion of a star is its apparent motion in the line of sight, either towards us or 
away from us: it is not the star's own real space motion (see below). The Hadial Velocity is the racia! motion 
expressed in miles or kilometres per second, which is found by the spectroscope to within } mile per second under 
favourable circumstances: + is used to indicate recession from us, and — to indicate approach to us. 

Proper Motion, or Tangential Motion, is a star's apparent angular motion (if any) on the star sphere at right 
angles to the line of sight, expressed in seconds of are per year or per century ; it is found by comparing the star's 
present position with that which it occupied at the time of the earliest reliable observation—precession, nutation, 
parallax, and aberration, being allowed for. As this angular motion is continuous, though in general very minute, it 
has to be taken into account when preparing a star catalogue for a given epoch (see note p. vi as to + and —), 
The following are some of the greatest proper motions known: a long list is given Astrophys, Journal, vol. 41, 1914. 


Ursa Major. Groombridge 1830 (mag. @), si motion 7". i ais ark ene +¥e oe 
Fietor, .. O24 Sh. 242 (mag. 9), w. +e ves we tae sae 
Ophinchus. Munich 15,040 (Barnard's star, mag. grt) 10”, found 1816, the greatest yet discovered ... ais 


The observed proper motion is not a star's real tangential motion in space, but an ‘apparent’ motion, being affected 
by the Sun's own motion through space towards the Solar Apex (page 23), Some stars have practicaliy no proper 
motion—a result due in general to their very great distanee, The Tungential Velocity is the Tangential motion ex- 
pressed in kilometres or miles per second: the star's distance must be known. 

Linear Motion.—a star's linear motion is the resultant of fa) the radial motion, and (6) the proper motion, ex- 
pressed in finea!, not angular, measure, and requires a knowledge of the parallax, The Jinear velority is the linear 
motion expressed in kilometres or miles per second; to obtain that with reference to the Sun, at right angles to the 
line of sight, divide the annual proper motion by the parallax, and multiply by 4°74 for kilometres, or 2:95 for miles. 

Space or Peculiar Motion.—A star's space or peculiar motion (also known as Absolute, or Real motion), with 
reference to the surrounding stellar system, is the resultant of its Radial motion, and its motion at right angles to 
the line of sight, corrected for the Solar System's motion (p. 25): the corresponding velocity is ite Apace-velocity. 

The K-term, Tf the apace-motions of the stars were at random, there should be as many stars with recessional 
(+) velocities, as thers are with approaching (—) velocities, Statistics, however, show a surplus of recessional ( +) 
velocities; this excess over the — velocities is the K-term, Improved data have reduced the original amount. 

Cross Motion.—This term denotes o star's angular motion at right angles to the great circle joining the star 
with the Solar Apex or Antapex: the Cross Velocity is the Cross motion expressed in miles or kilometres per second. 

Parallactic Motion, also known as ‘Secular parallax,’ ia the apparent displacement of a star caused by the Sun's 
motion—which displacement is known with ever-increasing accuracy as the years go on. The avernge distance of any 
class of stars can be found from their Purallactic motions, but the method is not applicable to individual stars: 

Star Drift: Star Streaming,—Sometimes the members of large groups of stars are found to have proper 
motions similar in direction and amount; Proctor called this Star Jyaft, ‘Drift’ may also denote the motion of a 
group of stars relatively to the Sun, Star Streaming is Star Drift on a large scale. In 1904, Kapteyn found that the 
stars, in general, are moving in two favoured directions, which, when corrected for the Sun's motion, are diametrically 
opposite on the star sphere, and both exactly in the plane of the Milky Way. 60° of the stars belong to Stream I, 
and are moving towards R.A., 6 hrs. 20 min., Dee, 12° N.; the other 40%/—Stream Il, which has about half the veloc- 
ity of the first—move towards R,A., 18 lirs. Dee. 12°S. These points are known as the Vertices of Star Streaming. 
The centre of mass (or rather, of mean position) of the stars in a streaming star group is called the Centrois, 

A third stream, known as ‘Stream O," practically stationary, consists of the majority of the B-Type stars, which 
seem to belong to the * Local Cluster’ (p. 32). 

Gould's Belt of Bright Stars, the fiearer or brighter stars of the Local Cluster (which includes the Sun), is a 
grent-circle belt of bright stars which is inclined some 20° to the Galactic Plane: its equator is (roughly) a line drawn 
from y Cassiopeim between ¢ and 8 Orionia, ¢ Vele and 6 Carinm, a and 6 Centauri, a and « Scorpii, back to the 
start, passing some 9° 8. of a Ophiuchi and Fega, and close to 6 Cygni, 
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Star Magnitudes,—The brightest atars are said to be lst magnitude ; those less bright, 2nd magnitude ; those 
still less bright, 3rd magnitude, and soon. Each magnitude is 2512 (about 24) times as bright as the one below ite 
natandard ist magnitude star (4g, Aldebaran, Altair) being 100 times as bright as a standard 6th magnitude star, 
which is about the faintest ‘lucid’ star, ie, visible to the naked eye, As, however, several Ist magnitude stars are 
much brighter than Aldsbaran, the range of magnitudes also runs in the other direction, a star of magnitude ‘0’ being 
about 24 times as bright as one of magnitude 1, and a star of magnitude minus 1, about 24 times brighter than one of 
magnitude, 0, and soon, After magnitude 6, the magnitudes run on, Tth, Sth, &c., for the telescopic stars, the llth 
magnitude being about the faintest visible in a three-inch telescope, and the 18th, in the most powerful telescopes yet 
constructed; stars several magnitudes fainter are obtained by photography. (See Table of relative brightness, p. *). 

Intermediate magnitudes are denoted in tenths or even hundredths, thus magnitude 3-00 is slightly brighter than 
8-01, but less bright than 2-99, the magnitude increasing as the brightness decreases. On the minus side of 0-0, how- 
ever, this is reversed, tho magnitude figure increasing with the brightness, Thus magnitude — 0-1 is brighter than 
0-0; —1°0 is brighter than —0°9; and — 1-9 is brighter than —1-8, and se on. Where there is no sign, magnitudes are 
always understood to be +, but + is usually given in the case of ‘absolute magnitudes’ (seep. 15), In the general 
aense, ‘1st mag.’ usually means all stara brighter than mag. 1-5; ‘2nd mag,’ those between 1‘and 25. The magnitudes 
in modern catalogues are always calculated for the zenith: at lower altitudes atmospheric absorption diminishes the 
brightness, and has to be allowed for when comparing stare at different altitudes: see Table, page 38. 

Numerical Ratios of Magnitude,—On the 2-512 times basis of reckoning each magnitude, every difference 
of 5 magnitudes means a multiplication or division by 100 of the starting magnitude, thus 1st magnitude is 100 times 
brighter than the 6th; 10,000 times brighter than the 11th, and a million times brighter than the 16th, while mag- 
nitude 00 is 100 times brighter than magnitude 5, This “stellar magnitude” method of comparison is now used for 
other comparisons than its original one of visual brightness—as for stellar heat-radiation, and even for temperatures, 

If the stars were uniformly scattered through space, there would be 3°98 times as many stars of a given magnitude 
ag in the one just above it; departure from this number (called the ster ratio) indicates crowding, or, thinning out. 

The 2°612 scale, now the standard, was introduced by Pogson in 1859, 2512 being the Sth root ef 100, or the logarithm 0-4, 

Boss's P.G.C., 1910, employs an older system with a light-ratio 2201 (log.—(°36), approximately that of Argelandor’s 
Cranometria Yoru, 1843, Boss and Pogson magnitudes are the sameabout mag, 38 ; below* 3:5 Boss is fainter, mag, 6:0 Pogaon 
being about @2 Hoss, Abovo* mag. 2°8, Boss ia brighter, Vega being 0-0, Sirius — 20, Boss; against 0°14 and —155 Pogson. 

International Magnitude Scale.—Though based on the same light-ratio, the magnitudes found at Harvard, 
Mount Wilson, Potsdam, &o., show small systematic discrepancies, due to the instraments, atmosphere, &e, Thus for 
accurate comparisons, each must be ‘reduced’ to the scale with which it is to be compared, by means of Tables prepared 
by laborious analysis (see Harvard Annals, Vol. 14, ani Astrophysical Journal, Vol, 61). The Harvard (photometric), 
and Mt, Wilson (photovisual) Scales are most generally used, and the former was adopted (1922) as the basis of inter- 
national Mugnitudes—a photographic Seale, Taking the stars of Type AO between mags, 5-5 and 5:5, in the Harvard 
North Polar Sequence (a list of carefully-measured stars near the N. Pole arranged in order of photographic magnitude), 
the mean International magnitude of these stars is defined as being the same as the mean magnitude of these stars 
on the Harvard visual (photometric) seale—which, for Typo AO, is identical with the Harvard photographic aenle. 

Visual or Apparent Magnitude is the brightness as directly estimated by the eye; whon the brightness is 
measured instrumentally by the photometer, it is called the Photometric magnitude. 

Photovisual Magnitudes are obtained photographically, using a colour screen and isochromatic plates adjusted 
approximately to the light-sensitiveness of the eye; they tend to be rather brighter than the visual or photometric 
magnitudes, and are becoming of great importance as they give more uniform results. They minimise both the 
instrumental and the brightness ‘colour equation’ difficulties (see p.14), and the photographic plate and colour 
screen used seem to make no great difference in the results, (Red and photoelectric magnitudes, see p, 13). 

Photographic Magnitudes are those obtained by measuring the diameters of the images on a stellar photo- 
graph, For one-half of the stars the results are accordant with the visual magnitudes, but in the other half, owing to 
the bluer stars being more actinic, and the redder stars less actinic, the blue stars photograph brighter than they are 
visually, and the red stare fainter, by an amount depending on the spectral Type of the star (p. 14). 

Colour Index (contracted, o/i) is the difference, in stellar magnitudes, between the photographic magnitude 
and the photometric (or photovisual) one, the photovisual index tending to be the greater; on the Harvard colour 
index scale, Type AO has ¢/f 0-00, its visual and photographie magnitudes being the same, Colour indices greater than 
0 are probably very rare; 8 Cephei, Type Ne, has the very great colour index +5°5. Colour Index Table on p. Viil. 

Photographic Magnitude minus the c/i=photometric magnitude, Photometric Magnitude plus the c/i = photographic mag, 

Colour Index = photographic mag. "aaa « Orionis, Type BO, visual mag. 1°76, pve c/i —O'31—photographic mag. 144, 
minus the photometric mag, | Botelgenas, ,, MO, » Om , +1%8= -< » 200. 
The — indicates that « Orionia ia brighter, the + that Betetqeuse is fainter, than AO—photographically. 
* Used in connection with magnitude, ‘above’ monna brighter than; * below,’ fainter than, 
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Absolute Magnitude,— Visual magnitude is no criterion of intrinsic luminosity, as many distant stars appear 
far brighter than some very near stars, Absolute magnitude is the brightness a star would have if all the stars were at 
the same distance from us; it is found by calculating what the observed visual magnitude of each star would be if each 
were placed at a distance of 10 parsecs—that equivalent to. parallax of 01, or about 33 light-years —which of course 
requires a knowledge of the star's distance. Conversely, if the absolute magnitude can be found by some other means, 
the star's distance can be calculated. Absolute magnitude is therefore of great importance in stellar research, as it 
enables luminosities to be compared, and gives many unmeasurable parallaxes. In absolute magnitude, aain visual, the 
‘greater’ (numerically) the magnitude the less luminous is the atar, if +; the more luminous, if — , The Jytegrated 
absolute or visual magnitude, of a nebula or star cluster, is that of the total light received from the object. 

The Sun's absolute visual magnitude is + 4-9, roughly +5°0. A l-parsee standard distance was in use till the inter- 
national adoption of the 10-pmrsec standard (1922); it had the advantage of having the Sun's abaolute magnitude 0-0. 

The absolute magnitudes of Ginnt stars vary only one or two magnitudes (from about +1-0 ta — 1-0) in their pro- 
gression from Types Mto B. Those of the Dwarfs fall off a magnitude or two as each successive Type below is reached, 
until about +15}, in Procima Centauri, a red star perhaps nearing extinction, and in Procyon B, almost the faintest 
absolute magnitudes known, igel and Canopus, on the other hand, attain about — 6-0: Supernove in Spirala, — 15. 

The most luminous star known is S$ Doradds, a variable star in the larger Magellanic Cloud, some 14 magnitudes, 
or 300,000-500,000 times brighter than the Sun: photogr. abs, mag, at brightest, —8°9. ‘The least luminous is Wolf 
$59, a near-by star of may. 15-5 visual, 18-5 absolute : its luminosity is only 1/50,000th that of the Sun, 

To find Absolute Magnitude:—Abs M ig. =visunl mag,+5, plus 6 times the logarithm of the puraliax, Jfh=m+5+5 logy 

Red Magnitude and Colour Index (Harvard photo-red, f.4., vol. 89, p. 92; effective wave-length A6300),— 
On this system—the effective wave-length af which is halfway between the O and D lines, and about the wave-length 
at the average intensity of the visifve solar spectrum—red colour index ia about 30% greater than yellow c/i (Internat. 
photographio [/} minus photovisual [mm] mag.): blwe-red and yellow-red o/i=/—m,, and m,—m,,. 

Photo-electric Magnitudes are measured by a photo-electrie eell (different from the thermo-couple used in 
the bolometer); it gives grout accuracy for differences between stars of the same spectral type. There is no photo- 
electric magnitude scale, as cells vary in sensitivity to different colours: (the bolometer integrates all the radiation). 

Radiometric or Bolometric Magnitude gives the total radiation emitted by = star—the light, heat, actinic 
rays, ¢tc.—using a thermo-couple or bolometer, instead of the eye. The variable stars ira and y Cygni, at maximum, 
emit nearly twice as much radiation a at minimum, but their light increases some 1000-2000 times. 

Kediometric Magnitude is expressed on the same system ay visual magnitude, and the difference between the 
radiometric and visual magnitude is called the Meat Jidex (corresponding to the photographic Colour Index), the two 
being assumed to coincide for Type AO, (See Mt. Wilson Annual Report, 1925). 

Bolometric Magnitude, on the other hand, agrees with visual magnitude for that Type of star whose radiation 
has maximuin luminous eificieney, so thet visual minus bolometric magnitude is always positive ( +), or zero, The 
Type for which the visual and bolometric magnitude agree is very nearly that of the Sun (Type GO). ‘The Sun's 
absolute magnitude is about 4°6 visual, 46 bolometric; radiometric, 4°90. (See JW, vol. 77, pp. 29 and 604), 

Combined Magnitude is the resultant magnitude of two or more stars, 30 close together ns to appear to the 
eye (or be treated) asasingle star. It is the magnitude corresponding to the sum of each star's individual brightness, 
referred to that of mag. 0-00 taken as 1, and is found as follows (adding the two magnitudes would give a fainter one), 

A stars magnitade multiplied by -0-4 gives the logarithm of ita brightness relative to mag. 0-00. 
The logarithm of a-star's brightness relative to mag, 0°00 when divided by —0-4 gives the magnitude, 

Colour Magnitude is the magnitude of a star measured for each of the wave-longths (referred to BO a; 
standard), and reduced to standard AO by theoretical black body radiation (see 4. 8.848). 

Opposition Magnitude is the magnitude of a superior planet when in opposition (p.5); the planet ia then 
nearest the Earth and brightest, and (in theory) is only then seen with its dise fully illuminated. Ordinarily the term 
denotes the opposition brightness at mean distance, as a planet's distance and brightness vary at different oppositions, 
The following Table gives the approximate range of planctary variation in magnitude (see also dingram page 37). 

Planet Mas. mag, Mean oppo. Min, ong. Planet Max, Mean opps Mini, Tare’ Max, Mean opp, Min. 
Mara -23 —185 —1'l {| Satorn —04 -O'l6to 4089 OD Neptune 762 00—~C«CT BG 
Jupiter —25 -239 =21 | Uranus on a T4 607 | Pluto 1268 14 152 

Limiting Magnitude.—The Limitiny Moynituds of a star catalogue—the index of its completeness, as 
omissions become inevitable at a certain stage—is that magnitude on the brighter side of which stars omitted from 
the catalogue about equal in number the stars on the fainter side ineluded in the catalogue. 

Colour Equation: Magnitude Equation.—The first is a small correction on the magnitudes in different 
catalogues to eliminate (a) the colour-selectivity of the instruments, atmosphere, &c., of the observatories responsible 
for them, which affects the results, especially in photographs; (6) the uncertain brightness-colour error, due to the aye, 
known as the Purkinje Eifeet (p. 38). The Magnitude Zquation is a similar small correction, to remedy the error caused 
by transits of faint stars being ordinarily registered later than those of bright stara in the same position, 

o * Approximately that of Poliwa = 0"101. 


ld NOTES ON ASTRONOMICAL TERMS 


Luminosity: Surface Brightness.—The luminosity of a star differs from its magnitude in being the actwal 
amount of light emitted by the star, instead of the apparent amount, judged by its brightness to the eye. It depends 
on the star’s diametor and temperature, being the star's area (actual, not angular) multiplied by the amount of light 
it emits per square centimetre, or other unit—i,¢,, by its Surface Brightness. ‘The Sun's eurface brightness is taken ms 
mag. 0, ond a star's relative surface brightness, + or —, is expressed in magnitudes (Table, p.viii}—symbolised by J. 
The luminosity relatively to other stars is given by the absolute magnitude, or luminosity at 10 parsecs distance, 

The higher the temperature, the greater the surface brillianey; thus stars of the same absolute magnitude may 
differ greatly in size and surface brightness, for a low-temperature ‘Giant’ (p. 16) must have » larger diameter than 
& high-temperature B-star, to be of the same absolute magnitude, From this relationship the diameter of stars can 
be calculated, independently of their distance, from the visual magnitudes, the surface brightness being obtained from 
the Type. The diameters that had heen predicted on this basis were found to agree closely with the observed values, 


Star-classification by their spectra. —Secchi in 1863-67 found that when the light emitted by different stara 
waa analysed by the spectroscope, their spectra fell into four well-marked groups which graded into one another, In 
1874, Vogel modified Secchi'a scheme by adding two subordinate classes to Class I; another (Wolf-Rayet stars), to 
Class [1+ and including hia third and fourth types os subdivisions of the aame order, Seechi's Types are now little 
used, except historically, but for very uncertain cases the T_A,U, defines them as follows (O5 was formerly Oe}:— 

Tyre L 05-F5, predominant hydrogen lines. | Tr [11. M, titanium oxide bands.) Tyre V. Oa-Od, bright Wolf-Rayet 
» IL FS-K45, prominemtmetallio lines. » IV.N and BR, carbon bands, lines. 

About 1890, Pickering introduced the ‘Harvard’ classification, now universally adopted, lettering Seechi's original 
groups, with others, as in the table opposite, the various section being spoken of as Type O, Type B, &e. Gradations 
or intermediates are indicated by combinations of the letters with figures denoting tenth parts. Thus B2 (a con- 
venient abridgment for B2A) denotes a spectrum nearly like that of Clase B, but estimated to be two-tenths of the 
way from B to the following Class A: and 05 (=O55) means five-tenths of the way from O5 to the next Class, which 
is B, as Types W, O, are first in sequenee—the original order was A, B,O,ke., but from later information it was 
altered, and some unneccessary lettera dropped. Secehi’s classes were based on visual, the Harvard on photographic, 
spectra, but on the whole they are fairly accordant, Type R wasadded 1908; 8, 1922; W, 1955(LA.U., recommended), 

BO is the highest of Class B (the ‘0’ is a starting cypher, nov 4 letter), and the sequence ie 08, 08, BO, B1, BQ, 
B3,. . .B9, AO, Al, A3, &e.; the seale is thus a descending one. Sub-divisions a, b, ¢, d&ke., are used where there 
is uncertainty aa to the details, but numbers are substituted when the necessary information is obtained; ‘e’ and 'n’ 
stars, however, are not subdivisions, but stars having ‘c' or ‘n' characteristica (p.15), Varinble stars are now classed 
at maximum (1922). For the subdivisions included in a ‘Type’ when used in the average sense, or in atatistical work, 
see next page. For details of Types O to N, see /.4., Vol.28; 4.0.145; and Draper Catalogue, 1924(1/,4., vols.,90-99), 

Early and Lote Type stars denote Types B-A, and K-M, respectively, somewhat inconvenient survivals, in certaim 
respects, of Vogel’'y assumption that Type I stars were the youngest, and Types ITT and IV the oldest, before the 
Giant and Dwarf divisions (p. 16) were known, For the tame reason, the Main Sequence is the downward progression 
of increasing redness, O, B, A, F, G, K, M—Types R, N, branching off at G; and 8, perhaps, at KS or MO. Type W 
may be the last stage of another sequence from Nova through planetary nebula to join Type Oat the other end, 

Russell Diagram :—This shows very effectively the Giant and Dwarf relationship and the Main sequence, the stars being 

plotted according to Type (temperature), and absolute magnitude (luminosity). By adding curves representing 
masses, the Dingram has been extended to exhibit the mass-lnminosity relationship as well, 

Star Colours.—Colour is an index to physical condition and temperature (p. 17), A list of the mean colour 
of each Type, and sub-division, is given in Monthly Notices Royal Astron. Society, Vol. 84, p.22. Oa to Oc are given 
as greenish yellow; B2, B3, white; AO, pure yellow; Ad, yellow ; K2, orange yellow; MO, orange; R, orange red ; 
Ne, deep orange red; intermediate types merge into the next colour, Colour also affects twinkling, as explained on 
page 30, The components of many double stars exhibit the curious phenomenon—sometimes merely optical—of 
being complementary in colour—orange and blue, or crimson and green, ke: for examples, see Notes Star Charta. 


Relative Numbers of different Types (Shapley}—Of the 225,000 stars, to about mag. 10, in the Draper Catalogue, only 
some 2000 are of other types than B, A, F,G, K, M. Nearly 60,000 are brighter than about mag, 84 : 20,000 pre essentially identical 
with the Sun, and 95 per cent are probably within 2000 light-years ofus, A and K are most common in the Milky Way. 


Type aap 0 BR A F G K M N R 5 
— Piypea inclictoct we | (BOG) (BEA) (ASE) (FSCO) (GS-K8) (KMS) on ena 
No. of Stars abe one a007 (4,250 21,120 46,502 73,208 13,864 


Percentage ; te Ming. & ae {oro ahh 4 fet) Bor a | wee abe ase 
ee; a 2h 26:7 11-0 1é-7 ao-4 76 


nm iL) 


CLASSIFICATION BY SPECTRA. 15 


The Harvard (Draper) Spectral Classes.—The Table below gives the salient features*: the Roman numerals 
indicate Secchi's Classes (p. 14). The temperatures are those for a ‘black body’ (p. 17), and are more or less approx- 
imate, those below Type G (Sun =G0) being probably rather low. For the Radial velocity of each Type see page 16. 
Be, Me, S¢, Ov, &e., stars denote B, M, 8, O, ie, stars having bright emission lines (see p. 19). 

‘Type B,' ‘Type A," &e,, when osed in the general sense, or in statistieal work, does not usually mean the series 
BO to BY, or AD to AY, but an average Type, in which AO, BO, &o,, are approximately central, including the latter half 
of thowe lettered in the Type earlier, just as ‘2nd. magnitude’ is not 20 to 2°9, but 1-3 to 2-5, or 16 to 2%, Shapley's 
Table, opposite, indicates an (approximate) uswal basis, but there is no definite rule: some begin Type B with 05. 

VIL Tree W. Worr-Rarer Stans (at present in Type), Continuous spectrom with many strong emission bands die to toms 
raps of high ionisation potential: most inyprtant Jfet, 1, associated in a nitrogen sequenee with Wo, 1, ¥ 
(Type W); or ina carbon one with Cn, m1, rv (TypeW ') On, 1, ry, v2 typleal stars, Wh, ELD, 187,252, WG, 16,023, 
V. Tyre O. Wonr-Raver Stans (Greenish-white), Very high temperatures, large masses and velocities: bright bands in their 
spectra indicate connection with planctary nelle and final stage of Nove, All in Milky Way, or Magellanic 
Clouds, Subdivisions On, Ob, Oc, Od (Wolf-Rayet stars proper); and Oe, abolished L028, 05-00 being substi- 

tuted, with Wolf-Rayet bands-deseribed by affixing a, boc, d,aeOoh, (35,000° KL, 62,000" F.). +» Vedornm, 

[. TrreB. Ontow or Hen Boars (Blnish) Helium lines:prominent: very brilliant and hot: large masses ; mean density 
1/lith Sun's, Verydistant; small proper motions and mean velocities : strong Galactic concentration; brighteat 
mvstly belong te Local Cluster; groat globes of glowing gna. (25,000° K., 44,000" F.), ¢ (BO), 4, ¢ Oriente; 8 Cries, 

Type A. Stas or Hynroges Stans (White), Balmer Hydrogen lines very intense, Helium aleent. Most numetous Type 

after K. Predominate in low galactic latitudes, Greater proper motions than B, (11,000" K., 20,000" F.), 
Strow (AO, o Anaiomeda, & Carine, 

Type F. Statax-Sonan or Cavciow Stana (Yellow-white), Calcium Hand K lines very prominent: Hydrogen lines much 
Inas intense, metallic lines inorense. Much Inss numerous than A, but includes majority of known biniries, und 
large-proper-motion stars ; little Galactic concentration. (7500" K_, 12,200" PF. ) Conopue (FO), y Loorts, a HHyalrt. 

IL Trre G. Sonak Srans (Yellow), Hsilrowen lites narrower and still less intense; H and K calcium lines prominent, and 
many fine, dark lines in spectra, Density of Dwarfs about 1) times that of water. Move moro rapidly than 
preceding types. Little Galacticooncentration, (@000" K., 10,000" F.), Sun, Capelfa, (GO); a! Ceatauri, & Hyded, 
Trre K. Arctvatay or Rev-Sonan Stans (Orange-yellow), Hydrogen lines fainter, hydrocarbon bands appear; density of 
Giants shout 1/10,000th Sun's: most numerous type, predominate on the whole in low galnetic latitudes. 
(200° K.,7O00°R.). Aretinie (RO), a Crem Maj,; 0, a, Pact 
IW. Tre M. Axtartan Stans (Orange). Spectra like that of the Sun, but with broad titanium oxide and calcium lands or 
flutings: Density of Ginnts leas than 1/29,000th of Sun's; of Dwarfs, greater than Sun's. Very distant: higher 
mean velovities than Bto K, in all directions ; widely scattered. Fainter stars show a preference for the galactic 
centre (Sagittarias region), Sub-classes wore Mn, Mb, Mo, Md (bright lines): Md waa abolished 1022-(the 
‘omission’ sign ‘e' suffices), the others were made M0, M3, MS. (3000" K., dg00°R)) Botelgewae( MO), Antares, Mira. 
IV. Tyre NS. Canpox Stans (Doep orange-red), Peculiar band spectra like those of comets and camile-flames, due to carbon com- 
pounds; two-thirds in or near Milky Way. Probably in a branch sequence, G, Ht, 8. Sub-classes Na, Nb, (made 
NO and NS, 1022), and Ne, the deepest red of all the stars (as 4 Cepher), (2000°RK., 4200°F.) FCanwn Vena 
Tyre P. Used for ghseous nebulae. (Mor detuile we HAL, vol. 28). [U Hydra, 19 Pracium. 
Tree Q. Used for Novae. Divided meanwhile (1925) into Qa, Ob, Qe, Qd, Qu, Ox, Oy, Qe; the lust has weal: Wolf-Rayet 
bands, but, unlike those before it, no bright hydrogen lines, (See page 34; and Trans £40, 1922, 1928), 
Tyre BR. (Orange-red). Carbon bunds; visually resembles N, but photographically different, blue and violet being brighter: 
not no red as Mor N; brightest, mag. 7, Probably joins main sequence at G, the branch sequence boing G, R, N, 
Added 10906 (AFC. 145); mostly in N previously. (2300°C., 4500° FF), B.D.—10° 6057 (RO), C.. — 24" 12084. 
Tire S. Red stars. Mostly long-period variables; very complicated spectra, bright hydrogen lines, absorption and emission 
lines, and sometziroonium oxide absorption hands ; pean branch from KS or MQ, Added 1922; mostly in 
N previously. (See a list Mea. Contr. 252), ... = ae o! Gru, B Andromeda, R Cyqai 


Notation for Peculiarities.—There ure two sets of sotasions oné prefixed, the other affixed ta the Type; 
‘enrlier’ menns in the Typo B direction’; ‘later’, in the M direction, (The letters may be combined, as Ok.) 


sin (See fnll Het aml dotaie Te. ale, Wee, bee Affixied —com tel. 
e All lines normally narrow and sharp 0} ; : later than 0, ew Wolf-Rayet emission lines or bands: conspicuots, ew! 
hydrogen lines and enhanced ies abnormally atrong. k Stationary hydrogen and enleium lines. . 


g¢ Gtant Stare. Enhanced lines fairly stromg ; low-temper- 
ature lines relatively weak ; hydrogen lines strong. 

d Dwarf Stars. Enhaneod lines woak, some calcium & titanium 

(‘e? Not used earlier than BO; ‘g’ and ‘d’ than Fo.) [lines strong. 


e Bright emission lines, excopt in P,Q: remarkable, e! 

eq do  ; with absorption line on the violet side. 

er do, ; bright lines conspic'sly ‘reversed’, dark centre. 

wm Bright hydrogen & fairly conspicuous bright metallic lines, 
* Types 0, D, E, &o., of the original scheme wore found redundant. 


n Lines tinnsually wide or diffuse, 

p Poculiarities: symbol of the eloment most offoeted in, 
1 Remarkeble, [parenthesis: unidentified lines ‘Un.’). 
q Absorption line on the violet side (with ©), 

# Lines sharp, but ‘ec’ characteristic not present, 

v Indicates a variable spectrom. 

[ ] Forhidden lines; symbol of element in square brackets. 


16 NUTES ON THE STARS. 


Giant and Dwarf Stars.—Spectral type indicates the temperature ; temperature regulates the surface bright- 
ness: and the surface brightness of a star multiplied by its area gives the luminosity or total amount of light emitted. 
This, again, regulates the absolute magnitude. Hence, when two stars of similar Type have different absolute mag- 
nitudes, they must have different light-emitting areas, and diameters, This is well shown on o Russell Dingram (p.24). 

Analysis of absolute magnitudes shows that on the one hand there is a continuous series of stars from Types M 
to B, with increasing temperatures, which have great and fairly constant absolute magnitudes, ranging trom about 

41-0 to — 2-0, or about three magnitudes, On the other hand there is a reversed series from A to M, with decreasing 
temperntyres, and absolute magnitudes falling off a magnitude or two as each successive Type below is reached. 

Stars of the increasing-temperature series are known as (riants, those of the decressing-temperature one as Dwvarss, 
because the Giant M-stars must have enormeus diameters to appear as bright as they are with their low temperatures, 
while the Dwarf M-stars must be small in diameter to appear as faint as they are, with similar temperatures, These 
names, however, only apply literally to the M or late K stars of the two branches, as the difference in diameter be- 
tween each branch continually lessens with each step forwards or backwards towards A and B, until, in these Types, 
the mombers of each series: cannot be distinguished; from FO, however, Giant and Dwarf stars are known by their 
‘enhanced’ and ‘low temperature’ lines (p. 21), the Giants having a lower temperature than the corresponding Dwarfs, 
which are bluer, The Dwarfs greatly out-number the Giants; the cooling stage probably lasta much longer. 

Super-yinnts are about 1000 times brighter than the Sun, with absolute magnitudes greater than about — 2-0, 
like Betelyeuse ; mean JM (abs. mag.) about —2-7, Sub-giants, a well-marked group, average about 10 times the Sun's 
brightness, with mean f= + 2-3. 

Tho White Dwarfs—exceptional stars like the companion of Sirius (Siriva #)—aore stare of high temperature, 
yet so very faint, in proportion to their distances, that their diameters must be of planetary size, and their myerage 
density almost incredible—some of them millions of times that of water, their largely electron-stripped atoms being 
packed enormously closer than in the matter we know (see below). Being so faint, only the nearer ones can be seen. 


Stellar Evolution.—These facts suggested the Hertzprung-Ruseell theory, that a star begina its visible life as 
a diffuse low-temperature M-giant. In aceardance with ‘Lane’s Law'—that a gaseous body rudinting heat, and oon- 
tracting under its own gravity, must get hotter as long as it behaves as a perfect gas—the star gradually rises in tem- 
perature, and so passes into successive higher Types, At last a Type is attained —determined by its mass (see below). 
—nat which radiation balances the energy supplied by contraction, and the star therefore begins to cool, and, entering 
the ranks of the Dwarfs, passes downwards through the same Types again to invisibiliy. 

‘This theory, while it offers a very simple explanation of the Type-gradations, by no means explains all the facts, 
and from the phenomena of Nove and White Dwarfs, it is now suspected that change of Type may be of a catastrophic 
nature, duc to the collapse of a star, 

Mass-Luminosity Law.—lIf stars are plotted according to mass and absolute magnitude (luminosity) they lie 
along a smooth curve on the whole, mass+ luminosity being practically a constant (except White Dwarfs). This snags 
Jwminosity relationship enables star masses to be approximately calculated from the apparent magnitude and luminosity, 
A star's masg seems to determine its temperature, for only those of great mass attain Type B, and those of very great 
mass Type O, It now seems certain that as a star grows older its mass decreases, mass being converted into energy, 

Period-Luminosity Curve.—Many stars vary in brightness, some irregularly, others in more or regular periods 
A certain type of these, known os Cepheids (p. 33), have the peculiarity that those of a given period have practically 
the same absolute magnitude (luminosity); the longer the period, the greater the absolute magnitude. The visual 
magnitude of a Cepheid star, of known period, will therefore give ite distance. This property of Cepheids is of 
great importance in measuring the distance of extra-galactic objects, but the reason for it is not yet known. 

Star Masses are only known directly in the cnso of binaries, the average binary system having about 1‘S times the 
Sun's mass (contracted, 1-8 ©); halving this, gives the average individual star mass as 0-9, or nearly that of the Sun 
The mass of non-binary stars is roughly calculable from mass and luminosity, seo above, 

Masses five or six times that of the Sun are not common, and no mass less than that of Kruger 60x, 1/Gth of the 
Sun’s, is known, The greatest known masses are the components of a mag. 6 08 binary, /lashett's Star (HD, 47,129, 
combined absolute mag. —6°3), at least 158 and 115 times the mass of the Sun. 

Star Densities,—Those of Giant M-stars are very small, less than that of air, being only some 1/10,000th to 
1/20,000th of that of the Dwarf Sun, which is 142 times that of water; Aneres has no greater average density than 
the vacuum in an electric bulb, To make up, their dinmevers are of the order of 100 to 600 million miles (see p17), 

The White Dwarfs are at the other extreme; Van Maanen's Star, absolute mag. (visual) 14-4, is found to he about 
the size of the Earth, and some 300,000 times as dense as water—20 tons per cubie inch. A.C, +70" 8247, a 13th 
mag. OO star, is half the size of the Earth, and $6 million times denser than water =620 tons per cubic inch ! 


NOTES ON ASTRONOMICAL TEILMS. 17 

Star Temperatures.—Spectral Type is chiefly a temperature phenomenon, and stellar temperatures can be 
measured by analysis of the ‘energy distribution ' in their spectra—that is, by ascertaining the point at whieh the 
intensity is greatest: the further the maximum intensity is towards the violet end, the higher is the temperature. 

A star temperature so found, however, is not that of the interior (which in the Main Sequence is of the order of 
40 million degrees K,), or of the surface, but is what is called the Black Body or ifoctive Temperature, which may be 
defined as the temperature of a ‘perfect radiator’ (any that of a sheet of Jampblack, the nearest approach to it) which 
sends out the same amount of rdiation per unit of area as that emitted by an equal area of the star, This is based on 
*Stefan's Law’ —vis., that the total radiation is proportional to the 4th power of the ihsolute temperature (see below), 
multiplied by constant depending on the nature of the radiating surface. For the approximate effective temperatures 
of each Type, see p15. The White Dwarfs have central temperatures of the order of 14 million degrees Kj the M 
Giants, only a few million degrees K. The lowest effective temperature known is about 2000°K, 

The Colour Temperature of astar is determined from the distrifution of intensity in the continuous background 
between the lines of its spectrum: it is always higher than the effective temperature based on the total radiation ; the 
difference increases with the temperature, The avernge Colour temperature of the AO stara (15,000°K,) is the zero, 

The Absolute Temperature ia the temperature above Abvolnte Zero, tho temperature of a gas containing no heat, 

—879'C, (—460°F.), usually stated in degrees * K"( Kelvin), which is the ordinary Centigrade temperature plus 279" C, 

To convert K* into Centigrade degrees, subtract 273°; into Falrenheit,* multiply by 9, divide by 5, and subtravt 460°, 
Opacity and Radiation Pressure ire factors of great importance in the theory of stellar interiors. The first is the resist- 
ance of the gaseous material to the outward flow of radiation—hydrogen, the lightest clement, offering least resistance ; the 
opacity of the highly-ionised atoms in stellar interiors is very great, Radiation Preseure, the momentum of radiant energy, and 
proportional te the 4th power of the absolute temperature, is very great inside « star, and largely contributes to the support of 
the super-incumbent matter. It also seems responsible for comets’ taila; as the weight of spheres diminishes as. the eabe, 
and their projected orcas aa the aquare, of the diameter, for exceedingly small particles in the comet, when near enough to the 
Sun, a point is reached at which radiation pressure exceeds the gravitational pull, and these particles will be repelled from the Sun. 


Star Diameters,—The angular diameters of the stars are far below the limit of direct angular mensurement, 
but, in 1921, interferometer measures showed that Aetelyeim, Antares, Arcturus, and later, Jira, have angular 
diameters of 047”, 041", 022", and 056", corresponding to 217-, 400-, 210, and 125 million miles respectively, less or 
more, according to the parallax adopted. (The mileage for nny parallnx may be found by the simple rule given below). 
Hetelyeuse, however, apparently pulsates, varying from O"-034 co O' O47, Stellar diameters can nlso be caleulated 
on the basis of surface brightness and visual magnitude (see ‘ Luminosity’). | 

The diameters of White Dwarfs are of planetary size, Sirius B being rather smaller than Neptune; and A.C, + 
70° $247, roughly half the sise of the Earth. 

Diameter in Miles;—Multiply the angular diameter in seconds of aro by 93,000,000, and divide anawer by the annus! parallns, 
» Kilometres.— " " " " “ 150,000,000), " " " " " 

Stellar Rotation.—In some spectra all the lines are equally wide, mostly faint, and fairly shurp-edged ; the 

metallic lines being wide, the Stark effect cannot be responsible. ‘The wide lines are interpreted as being due to the 
star's rapid rotation, the widening being the elfcet of the lines produced by each limb, which are displaced in opposite 
directions, The moat rapid rotation yet found is that of Altair, 260 km.jsec. (160 m,/sec.), which rotates in about 
7 bes,, although its diameter is about 14 times that of the Sun, Smallest velocity detectable, about 30 km, sec, 

Star Velocities are best known from the radial velocities, found by the spectroscope with considerable accuracy: 
it gives the minimum-possible value for the ‘space’ or real velocity, which, in general, is greater, but is known less 
accurately, its other factors of parallax, proper motion, and solar motion, being more or less uncertain, The space- 
velocities cannot, however, differ greatly from the radial ones, unless the cross velocity is relatively great. As cross 
velocities, on the average, apparently do not differ greatly from the radial ones, the average space-velocity may there- 
fore be taken to be of the order of 1) times the radial velocity, ie. the approximate resultant of two equal velocities 
at right angles, Velocities are expressed in kilometres or miles per second (contracted, * km, /see,', m./see, ). 

The majority of star velocities are ander 30 kilometres (19 miles) per second, those of 50 km. (31 miles) are not 
common; but there are notable exceptions, RZ Cephai having the enormous velocity of 1100 km, (680 miles) per second , 
This is far surpassed by the spiral nebulm, which seemingly speed through space with velocities approximately pro- 
portional to their distance (about 500-550 km. /secs, or 310-340 m, /seos, per megaparsec), up to 200 million light-years 
or more, for which the corresponding speed is some 2650 million kilometres (1650 million miles) per day (Table p. xi). 

On the average, velocities tend to increase with advancing Type, as shown by the Table of approximate average 
radial velocities (Campbell, de.) below : the velocity also increases az the absolute magnitude increases, ‘The velocities of 
the few R stars known, fall into three groups ; under 10 km. /sec., about 40 km./sec., and high velocity 250-380 km. /sec. 

Radial Velocity :— Type 0 B A F G K M Me N R Se P 
Kin. persec, =... 2iikm. Ghkm km. M4)km, likm. 16)km. 17km. 36km. 18km, 21 km, 24 km. 30 km, 
Miles perwses, 4. Ll6miles 4m. 7m 9m, %m, lim im 2m Jim 1am Lm. 18)m. 

Mean aba. mag, (Dwarfs) <a <Se 308 +20 © 6+44 +02 +08 =... a et ss Caplnecittn 

oe iw (Giants) —O6 +73 +06 OO -0% (-15) (—15) (40-4) mebole) 
* Approximately, within 32’ 


15 NOTES ON ASTRONOMICAL TERMS. 


Stellar Equipartition of Energy.—While there are considerable differences in the velocities of individual 
atars in each Type, stars of low velocity, on the average, have large masses, and those of high velocity small masses, 
The kinetic energy of each star—the velocity squared multiplied by half the mags—is also, on the average, approxi- 
mately a constant quantity. This has been shown to result from the inter-netion of the stars on one another over 
enormous periods, The B stars, however, do not conform to the rule. 

Light-Absorption in Space seems to be almost negligible, as the distances derived from the brightness and 
diameter of the remotest apiral nebule are fairly accordant, Within our System, however, especially near the Galactic 
plane, evidence favours «slight absorption, which reedddene the stars—i.e., lessens their maximum intensity, displacing it 
nearer the red than the normal for their Type—making absolute magnitudes less than they should be, and distances 
derived from them too great, For 0-7 mag, absorption per 1000 parsecs, at 500 parsecs the real distance would be 14% 
less than the apparent; at 1000 parsees, 24% less ; at 5000 parsees, 46%; less; but later evidence favoura a smaller absorp 
tion, 040 mag. per 1000 parsecs being the most probable for uniform interstellar absorption in the Galactic system. 

Colour Eweess ia the greater redness of a star (or external galaxy) over a normal star of the same spectral Type; 
it implies some special factor, such as giant and dwarf difference (p. 16), or space reddening, 


IIL SPECTROSCOPY. 


Spectroscopy has now become of such far-reaching importance in astronomical research that some knowledge 
of its saliont facts and terminology has become a ine qua non for understanding the differences between the various 
Types of stars, and the references in current astronomical literature. A similar knowledge of the atomic changes 
giving rise to the various spectra ia also useful; the following brief outline may help those unfamiliar with the subject 

Light ia-supposed to be due to undulations or waves in a (hypothetical) light-transmitting medium known 4s the ether; these 
light-waves are of infinite variety in their crest-to-crest or ‘waye-length' distances, some belng exosedingly short, others com- 
paratively long, but the eye only perceives those within narrow limits, Tho shortest wave-lengtha visible produce the sensation 
of violet in tha eye; those about twice as long, the sensation of red ; those of intermediate wave-length give the sensation of 
blue, green, yellow, orange, &e. The light from an object is analysed by passing it through a slit in the spectroscope 1/500th to 
1/1l000th inch wide, then either (a) through « prism or prisms ; or (6) letting it fall obliquely on a finely-ruled ‘grating’: in both 
cases the narrow boam of Nght is spread out, or dispersed,’ either inte a long coloured band, or, for some kinds of light, into a series 
of separate hair-like coloured linea. (a) forms what is known aaa priematic spectrum, in which the wave-lengths at the red end 
are touch less spread ont than those at the violet ond; (4), a normal or diffraction spectrum, in which the dispersion is uniform 
throughout, and spreads out the red end to better advantage than a prism does; the lose of light in gratings, however, is ao 
considerable, that they cantiot be used for faint spectra, The narrower the slit, the purer, but fainter, the band spectrom. 
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Angstrom Units. —Tho erest-to-crost distances, though very minute, can be mensured with great accuracy, and are expressed 
in Angstrom (nite (contracted, AU, or angstroms)}—enely 1/ten-millionth (10°) of a millimetre, or a ‘tenth-metre'—symbolised 
by the Greek letter \ (denoting Ang. wave-length), followed by the number of ten-millionths from crest to crést.t 

The International Primary Standard wave-length to which other lines are referred, is 64384696, the wave-length of a red 
line emitted by gaseous cadmium, and units on this basis are designated ‘T.A.' (International angstrom), asthe original A.U. was 
alightly over-valued, There are ‘Secondary’ pnd ‘Tertiary! standards, using the lines of other elements, (See Jr. fA. 07. 1922-25), 

The Greek letter » is sometimes used instunl of A, expecially for the longer wave-lengths, indicating that the figures are in 
thousandths of a millimetre (microns) instead of ten-millionths; «ap, or millionths of a millimetre, are also sometimes used. Thus 
a OMS H60G = ae 043 BUMS APS A006, A id need as the pluralof a. (A= x 10,00); p= ’+10,000), 

The Visible Spectrum ranges from about 12000 in the extreme violet, to 4.7000 in the extreme red, but it has no definite 
limits, 1s eyes vary in sensitivity. Uneoun, beyond the violet, is the wlira-eiolet spectrum, of ever-shortening wave-longtha, 
recorded by ordinary photographie plates up to about 42000, and by special apparntua to 4150. Beyond the red, also unseen, is 
the infra-red, of ever-lengthening wave-lengths, sometimes called the ‘heat spectrum’; it ia traceable to 412,000 by special 
photographic plates, therealter by ether means, to the limit of the aolar spectrum, about 450,000—but there are wave-lengths 
fer longer and shorter than these limits. Oxygen in our atmosphere, and an ozone layer high up, absorbs all radiation from outside 
shorter than )2000, except Coamic; in the infra-red, less than 1% of the solar nidiation is of greater wave-length than 140,000 (4), 

Conventional Divisions of Wave-length (boundaries indefinite, each kind gradually merges into the next : angstrom). 
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The Effective Wave-length of a radiating body may be stated generally as the wave-length ot ita average intensity, for 

defined conditions—visually, photographically, &e.—the wave-length at which the amount of such radiation is equal on each side. 

“ Fraunhoter's lotters run from red to violet ; violet to red is now preferred—wave-length ordor. + Frequency is alao used—the number 
of undulations per second. 


SPECTROSCOPY, 1 


Emission and Absorption Spactra,—An incandescent solid, liquid, or gas under Aigh prossure, gives what ia called a on- 
tinuous spectrum, when the light it emits is passed through the prisms of the spectroscope. In other words, it emita light of all 
wave-longths between the deopest red and the doopest violet, Under ordinary pressures, however, cach elementary substance in 
the gaseous state emits, when excited, only certain definite wave-length peculiar to itself, the rest of the spectram being missing ; 
in the spectroscope these appear, whon a narrow alit is u4ed, usa series of isolated hair-like bright coloured lines, forming an 
‘emission’ or bright-line spectrum, and the appearance of these particular lines always indicates the presence of that element. 

Ono the other hand, each element in the miaejus state cute out or absorbs, from continnous-apectrum light traversing it, the 
tilention! worvelengtle that it emite when excited, so that in the spectroscope, the light seen after the absorption ia no longer 
continnens, but broken ap by a series of hair-like dark lines (the image of the slit) where the absorbed wave-lengths are missing, 
‘These dark lines occupy the same positions ss the bright lines of the emission spoctrum, and are called ahworgtion Nines ; they not 
only indicate the presence of the element, but also tell thut it is at a lower temperature than the light-source behind it, as absorption 
only takes place if the emission of the absorbing substance is less than that of the emitting substance behind, Absorption lines are 
also found in the ultra-violet and infra-red. Many elemonta are represented by hundreds of Lines—sometimes thousands, aa iron, 


Fraunhofer Lines.—The dark lines of the solar spectrum are called after Fraunhofer, who re-diseovered them in 1814, and 
lettered the most prominent ones as in the Table above, which also gives the corresponding element and wave-length : (L), (M), &e., 
in the ultra-violet, were added later, and the original (H) and (H*) re-lettered (A) and (RK). But as the same letters are also 
used for stur Types, and as chemical symbols for elements, to prevent confusion the T.A.U. recormmunded as follows, in 1922 :— 

Letters denoting Fraunhofer lines in astrondmical works ; ahould be printed in ordinary Roman capitals, in parentheses 
3s i Chemical Symbols " " Fs - » Halve capitals, 

Tho (H) Frawnhofer line (calcium), must not be confnsed with a, 24, Ay, ff, &e., lines—so lettered by Vogel—which denote 
the‘ Balmer’ series. of hydrogen lines belonging to the normal hydrogen spectrum (only four appear in the ordinary solar spectrum); 
other ‘series’ of hydrogen lines appear under different conditions, Ay is 4340; 473, 44102. fy (\ 6173) ia magnesium, 

Telluric or atmospheric tines in the spectrum aa (A), (1), oxygen; and (a) water vapour (\ 7185), result from absorption by the 
oxygen and water vapour in our atmosphere, and have no place, or only a very faint place, in spectra before they reach the Earth. 

Bands, groupe of very close lines—one side sharp, the ‘head’—in low-temperature spectra indicate a molecular spectrum, ie, 
one produced by molecules, atoms of two elements chemically combined ; the ordinary spectrum is that of the normal or neutral 
atom {see below). A futed spectrum is one that has recurring groups of lines or narrow bands, giving it a fluted appearance. 

Flame, Are, and Spark Spectra.—The lines produced by each element are not the same under all circumstances, being 
changed or modified under different conditions.of temperature, pressure, dec., especially the former. The Flume, Purnace, or low- 
teraperature apoctrum. given if a Bunsen burner (some 2000° 0.) has comparatively few lines, and differs in some respects from 
that of the Are spectrum obtained in the electric arc at s temperature of some 3600" U., in which new lines may appear, The 
Swink spectrum, again, produced by high tension discharges, hes different characteristics from that of the are one, some ‘low- 
temperature’ lines, that have been fading as the tomperature rose, disappearing altogether, while other lines are ‘enaneed’ (p21), 
that is, have grown more intense, Apectrican be studied up to temperatures of some 20,000° C., by electrically-exploded wires. 


Doppier Effect, or the displacement of the lines as the result of motion of the light-aource in the line of sight, is of great 
importance, as it onables radial velocities anid rotation periods to be found, and spectroscopic binaries. to be discovered. If a 
source of light ia approaching the observer, any linea seen in its spectrum will not bein their normal positions, but some distance 
nearer the violet and of the spectrum, or if the light-source is receding, newrer the red end of the spectrum, As the displacement is 
proportional to the velocity, the radial velocity can be calculated by identifying a series of linesand moasuring the amount of shift. 

In the case of a hinery. star, each star produces its own set of lines; when both stars are in the line of sight, the two sets 
are super-imposed and appear aa.a single set, there being no orbital radial motion towards us, as their motions are at right angles to 
the linsof sight. But when the stars open out again, one star is moving towards, and the other away from us, so that the two 
sete of lines separate in opposite directions, and reveal the duplicity, and the respective orbital radial speeds; the anme principle 
applies to the opposite limbs of the Sun, of a rotating planet, or of a star (p,17)}, one of which ia moving towards, the other from us. 

Interstellar Lines —Sometimes in Nove, and in O- and B-type binaries, which are very distant, a third set of practically 
atationury lines of calcium and sodium spponrs. These lines are now known to result from the presence of interstellar matter, 
uniformly distributed, in general, through our System, and which rotates practically with the Galaxy: in stare-nearer than ary 1000 
parses, it doce not reveal its presetee, becuse their light does not traverse a sufficient length of the absorbing medium to produce 
a perceptible effect. The more distant the star, the stronger the lines, which property can be used to find the star's distance ( p. 10). 

Zeeman Effect.—If o magnetic field is present, lines normally single may split up into two or more lines—from which the 
polarity of sunapota, and the position of the Sun's magnetic axis are found, 

Stark Effect.—Thoe splitting up of lines by an electric field ; those of helium and hydrogen are greatly affected, those of 
the metals but little; thus it can be distinguished from the Zeoman offect, The hasier the helinm and hydrogen lines, the 
stronger is the electric field, and the more prominent the forbidden lines; alsa the denser the stellar attnosphere must be, to 
vive the electric field roquired to allow the forbidden lines to be produced in quantity, (See alao Stellar Rotation, p, 17), 


The Atom and its Properties.—The varied stellar spectra, and most of the above ‘effects’, are dae to internal changes in 
the atoms of the elements in the stellar atmospheres, under different temperature and pressure conditions; the following main facts 
underlie the various phenomena, on the Rutherford-Bohr theory, which explains thom well, though not completely, 

The atoms of an element ary the stnallest particles distinguishable by chentical means; those of each element differ in weight 
and properties, butall are built up of the same fundamentals—protons, electrons, and energy. Each proton (ie, hydrogen nuclens, 
gee p. 20) has a constant positive charge of electricity; and each electron (mass only 1/1847th that of the nuclens), an equal negative 
charge. In the normal atom, these charges balance, and there being no electric field, in this condition it is called a neutral atom. 


a) SPECTROSCOPY. 


The Structure of the Atom.—Atoms are pictured as miniature sun-and-planet systems, the atom of each slement being 
‘supposed to consist of a nucleus {extremely small, even compared with the tiny atom, and itself composed of protons and neutrons, 
sce below), positively charged, and surrounded by one or more ‘ahells’ (orbits) of electrons ; each electron carries 4 single 
negative electric charge, each orbit only one electron, 

In its normal (uon-ionised) state, an atom is not charged with electricity, henoo the number of unit positive charges (protons) 
in itenuclens is equal to the number of electrons which surround it ; this number is called the atomre number (different from 
the atomic weight or masa of the clement), and determines ita chemical properties. Elements range in atomic nomber from 
1 (hydrogen, the: simplest, with one electron) to 02 furanium, with 92 electrons revolving round the nucleus), 

The K-ring, &¢,—The electron-orbits are spied in groups, each member of which has sbout the same energy and diameter, 
but may differ in eccentricity, These groups are known as /ings—usually, more appropriately, as shells, because the members 
of each group presumably move in different planes, their diameters being about the same, 

The group nearest the nucloits consista of tro orbite of equal energy known as the A-ring, which has the lowest eriergy of 
all the rings ; next comes the Ling, with eight orbits ; then the Af-ring, with 18 orbits, andaaon ; the outer ring of no element's 
electrons may contain only one dlectron. The chernioal and spectroscopic quantities of an clement, are largely determined by the 
number of electrons in its outermost layer ; these are also the most easily ‘excited ' or ‘ionised’ (knocked off, see below), 

Collisions,—The atoms of a gas, under the action of the heat whieh it contains rush about at very high spevds—to which gus 
pressure is duc—and are incessantly colliding; the higher the abdolute temperature (p17), the greater their speed, and the more 
violent the collisions, In a rarefied gas—iec., one at a very iow presaure—the journey without any callision, or free path, of the 

atom ia long, the distance between the atoms being relatively greit ; collisions are therefore less frequent than in a dense gua. 

Molecules,—At ordinary terrestrial temperatures, cases donot exist assingle atoms but as molecules, composed of a pair lor mire) 
of atoms in combination, either of the same or a diffurent clement ; when the temperature rises aufliviently, however, Tholectlis are 
diumeinted—iv,, revolved into single atoma —few esiat even at the lowest stellar temperatures. The speed of the molecules cor pir 
ing a gas is proportional td the square roots of :—(i) their moleenlar weight, inversely, (6) the ahsolute temperature, direotly ; the 
lighter the gaa, and the higher the temperature, the greater the velocity of the molecules—each gas having its own velocity for a 

given temperature, Left to themselves, the mulecules would dissipate into space, buton a sufficiently massive body, the geriavitia- 
tional force retains them with o forey depending on the body's mass and radius—an itmportant factor in planetary atmospheres, 

The Velocity of Exoape is the velocity at which » planet's mass cesses to be able to retain a gia(p. 27), Hydrogen, the lightest 
element, is lost first, then helium, water vapour, oxyzen, nitrogen carbonic acid last, but at velocities no greater than a quarter 
of the velocity of escape, gases dissipate into space rather rapidly, » Por the volovities of eacnpe, see p. Xi. 

Quanta.—The energy component of an (‘oxcited,’ see below) ntona is stored up in (popularly) ‘energy-atoms,’ which cannot 
be subdivided. Each of these is known as a Quantum (plural, quanta), and representa energy equivalent to that of radintion of 

sume particular wave-length, quanta of long wave-length having small, thoae of short wave-longth great, energy. (Short and fong 
wave-length, aa general terms, denote those at and beyond the bine and red ends of the epectrum, respectively), 

There wre quanta corresponding to.all wave-lengths, each olement haying its own particular quanta of energy, correaponding 
to thoan wave-lengths of radiation which its atoms emit or absorb under different coniitions: only quanta with neurly these wave- 
lengths ean effect ‘transitions’ in that kind of atom, but those of shorter wave-length may ‘tonise’ the atom—«co., knock off one 
or more of its eloctrona (see below), The amount of short wave-length energy ins gas depends on its absolute termperature ; thins, 
at high temperatures, short wave-length quanta are more plentiful than long ones. To sum tp; in a stellar atmophers :— 

Temperature is an index of (@) the number of atomic collisions per second, for a given pressure ; (b) the speed 
of the atoma: (¢) the violence of the collisions; (d) the proportion of short wave-length energy. 
Pressure only affects the frequency of the collisions, by increasing or decreasing the distance between the atoms, 

Transitions. —When all the electrons of a neutral atom are revolving in the orbits newrest the nucleus, the atom in said to 
be in its Jowest eneryy or ground (normal) state, But Ce) by a sufficiently violent collision with av electron or another atom, or (b) by 
encounter with, and abworption of, a quantum of energy of wave-length the same as one of its own fundamental quanta, an 
atom may undergo transition, being ‘raised’ or lifted to a ‘higher level'—x<., of energy, and from that, itinay be, to still higher 
and higher lovela, the electron being forced out inte an orbit of larger diameter, in accordance with certain laws. Forbidden 
trawritions ate those forbidden by these laws, theagh they may occur in certain unusual sequences or steps, 

Exeltation,—At every transition of an electron to a larger orbit, a quantam of definite wave-length is absorbed by the atom, 
which ia then said to be excited; it thus beeummes a greater and greater reservoir of energy us the exeltation increases ; whatever 
the amount of excitation, however, it stil] remains a ‘neutral! atom. 

Hf left undisturbed, au exolted atom ‘falla’ back to its lowest energy state in a hmdred-millionth of a second, emitting 
in the process as many quanta of the same wave-lengths as it bas atworbed ; the process may be accomplished in-stages. 
Certain transitions, however, are pwtarteble—that is, if left to themeelves, excited atoms in that state may continue tn it 
for hundreds of thousands of times longer than ordinary excited atoms are able to do, sometimes even for woods, 

Ionisation,—An electron of a neutral atom may not only be raised to a larger orbit, but may also be completely knocked 
off, and Jeft to travel on its own account; the atom is then ivnised, and ix no longer neutral, but positively charged, the negative 
electron being leat. lonisation may be caused (a) by « sufficiently violent collision ; (b) by encounter with a quantum of short 
wave-length, with more than sufficient energy to lift an electron to the outermost level. lonised atoma may alse be-excited. 

Atoms may be singly, doubly, trebly, &c., jonised. The nevtral atom is indicated by the chemical symbol of the element 
with the Roman numeral I affixed, as O1*, neutral oxygen; for singly and doubly ionised, 1, m1, are added, and so on, as (1, OTL 

‘An older aystom affixed a small + for single ionisation, *+ for double, and *o on, instead of Roman numernis, aa 0+, tt ; 
still further back, the atomé causing enhanced lines were known as protoculcium, protormagnesium, &e, 

Atoma vary in the amount of energy required to excite and jonise them, and the amount of energy denoted by 1 (electron-} 
voltt istaken as the unit of measurement, ‘The number of (eloctron-) volts required to excite, or to ionise, the atom of each 
element, is called its Lxcitution and Jonixation Potentials, the latter, of course, being greater than the former (see Table, p,-xi). 

* Large capitals are also used, but the small eopitela are much clearer, +Somewhat different meaning from the ordinary volt. 


SPROTROSCOPY, de. a1 


The Mass of the Atom, or atomic weight, consista almost entirely of the mass of the nuclens, and ranges from that of the 
hydrogen atom (approx, unity, 1-007), to the 238 of the uranium atom (the standard is oxygen, 16), Generally, tut not always, 
the weight of the atom increases as the atomic number, Several elements may exist having identical atomic numbers, but 
differing in mass (atomic weight}, Such elements, which are chemically identical, are called dmtepes, ‘Thus, in ordinary 
common salt, the chlorine (atomic wumier, 17) consists of a-tmixture of two isotopes of masses (or atomic ireigéte) 35 and 37, 
while hydrogen as normally found contains traces of an isotope of mass 2 (deuterium or heavy hydrogen, symbol 2), 

Rays.—The heaviest elements and their isotopes, and some of the isotopes of the lighter elements, are rodéo-cetine, that ia 
to say, their nuclei break up spontaneonsly, into other nuclei and particles, some of which (electrons or 8 rays, helium wueled dr 
& rays) may be ejected at very high speeis—when fastest, and most penetrating, being known as laid raya; when slower, ant rare. 
They also give out electro-magnetic radiations, called y mys, which resemble X-rays, but are of harder (ic, shorter) wave-length, 

When an a ry (s rapidly-moving helium nyclees) strikes another nneleus it may cause it to break wp into lighter nuclei. 
In these changes, uncharged nuclei of muss 1 (newtrons), and particles of extremely aniall mass (neutrines|, are sometimes emitted, 
They can be detected only whon moving at high speeds, and being small and uncharged have great penutrating power. 

Cosmic radiation, arriving from unknown sources in space, may consist either of very high speed ‘cathode’ or 3 raya {moving 
electrons) or of electro-magnetic radiation of even shorter wave-length than y rays. This radiation, striking stoma, may give rise 
to rapidly-moving positrons, similar to electrons but carrying a positive instead of a negative charge of electricity, 

The following Table shows the relationship of some of the lighter charged particles and atoms (the rouse rises with the speed, 
increasing enormously as the speed approaches that of light), The third column gives an idea of the bulk of the particle—for 
the more the atom fs fonised (p20), the less is its bulk, expecially when completely jonised. 
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‘Sets of Lines.—Each state of the atom gives rise to a different set of lines in the spectrum, the neutral atom cansiny one set, 
excited atoms other seta, and yariously-ionised atoms others still; pressure also affecta the appearance of the lines, And in stellar 
atnosplerds of similar composition, for a given tetaperatare and pressure there is always detinite proportion of atoms in each state. 

The strength of a line is proportional to the namber of atoms productog it ; strong lines indicate plentifnl atoms in that 
dondition, faint lines rolative scarcity. Strong lines usually have Winge—v.e, shading on both sides of the Core, or line itself, 

Contours of Lines.—The degree of blackness at any part of the shading of a winged line, with reference to the background, 
is known as the Coatour of the line at that point—se called becanse the enerey-curve obtained by plotting the various intensities 
according to were-length and blackness, i9 anajogons to the gradient-curve obtained from the contour lines on a map, 

Enhaneed Lines, ina spectrom, are due to the normal atoms becoming ionised, lasing one or more electrons as the eorm- 
bined nmeanlt of higher temperature and altered pressure (Seta £fect); each element has its own jonisation conditions, thus the 
prises (or non-presenee) of certain lines iy stellar spectra affords a clne to the physical conditions in the stars’ atmospheres, 

Forbidden Lines ure produced by possible, but very unlikely, ‘transitions’ (see page 20) In the atom, which cannot 
directly return to the ground state, but only through other transitions; an olectric field, however, cancels the unlikeliness, and 
with a field of sufficient strength the lines become visible, The appearance of forbidden lines in « star's atmosphere indicates 
that it is dense, the electric field being due to the close tonised atoms and free electrons, but in a nebala they become possible ax 
the reault of the extreme tenuity—some 1/1000-millionth of an atmosphere—nand ‘weal’ (ie, not too strong) rmoudlation of 
very high energy, such as the short wave-length radiation from O and B stars 

Ultimate Lines.—Those fundamental lines of an element that wlone persist wonder great rarefaction, When whout the region 
ofthe spoctram which cannot ordinarily be observed, thase that can be observed are known as flutes witimes 


ei vd j 
Interpretation of Spectra —At very low pressures, as in the Giant stars (p. 16), for a given temperature the wave-length 
energy available is the same, and the violence of collision the same, asin dense stars ; excited and jonised otoms are also present 
in both. Bot when an atom is ionised, the distances apart in a rarefied gas being great, there is less chance of ite reapturing an 
electron, so that the proportion of ionised atoms is greater, and that of the neutral atoms less ; the Giant star will, therefore, 
have stronger jonised-atom lines and weaker neutral-atom lines, than those in the epectrum of a dense star of nbowt the same 
temperature; its lines will also be narrow and sharp—the ‘e' characteristic (p, 15), In dense stars, on the other hand, distunces 
apart being amall, ionised atoms soon recapture on electron, thua the neatral-atom lines are strong, the ionised-atom lines faint. 

At the low temperature of the furnace spectrum, the lines of the excited atoms are faint (being chiefly those of the more- 
easily excited elements), while those of the normal (lowest energy-state) atoms are strong, the proportion of the latter atoms being 
the greatest. With rising temporiture, owing to the moré violent collisions and the greater supply of short wave-length quanta, the 
excited-ntom lines grow stronger, owing tothe ever-increasing quantity of atome in that condition, and at Inst, ot the are spectrum 
temperature, ioniaed lines of the easily-ionised elements alao begin to appear—some even appear in the furnace apectrum. 

At o loter stage, the nentral-atom lines disappear, those of the easily-ionised atoms first, the more refractory later, Thus the 
spark (lower-temperature) spectrum has faint heatral lines and strong evhanced or ionised lines, because ionised atoms now prepon- 
derate ; faint lines of the atoms most easily donbly-ionised will alao begin to appear in the lower-teniperature spark spectrum, 

At still higher temperatures, the jonised lines also disappear, being gradually replaced by the lines of doubly and trebly 
ionised atoms, and finally, at the highest obtainable spark temperature, and the still higher temperature of the O stars, hardly 
any lines are left in the visible spectrum except those of hydrogen and fonised helium—the latter of which has a very high ion- 
isation potential, Lines.of other elements, however, oxist, but mostly in ‘inaccessiblo' (wnobservable) positions in the ultra-violet, 

Planetary and Gaseous Nebalm, on the other hand, in which the distances between the atoms is enormous, do not shine 
by their own light, but by absorption and re-emission of short wave-length radiation of O and B stars within them; they contain 
itor which are doubly and singly ionised. 


IV. NOTES ON THE SUN, PLANETS, STARS, &c. 

The Sun, as an object for small teleseopes, is of little interest unless sunspots are visible; special precautions 
are required in observing it so as not to injure the eyesight (see p. 36). 

The disc of the Sun visible on ordinary occasions, known as the photosphere, presents & granular or ‘rice-grain' 
appearance in large telescopes. Even in a small instrament of 2 or $ inches aperture, the surface will show a mottled 
appearance, when the air is steady and definition good ; but this mottling is of a coarser texture than that delicate 
granular appearance seen under higher powers with large instruments. Facule, ic. irregular, more or less streaky 
patches, somewhat brighter than the average surface, may generally be seen. They are elevations above the general 
level of the photosphere, and exist on every part of the disc, but are most numerous in the neighbourhood of sun- 
spots, They are best seen near the limb or edgo of the diso, since the photosphere in this region is perceptibly darker 
than at the centre of the disc, having only some 37 per-cent of the brillianoy, according to Pickering. This is due to the 
absorption by the Sun's atmosphere of the light coming from within, which has to traverse a much greater depth of 
atmosphere at the limb, before reaching the Earth, than that coming from the centre : it therefore appeara darker to us, 
contrasted with the faculm, which haye not lost so much light owing to their greater elevation. The darkening is 
specially noticeable in solar photographs. 

The Sun's Rotation may be traced by the daily motion of the spots across the dise from east to west, the ‘synodic’ 
upparent rotation period, as seen from the Earth, averaging 27} days: spots may thus be visible for about a fortnight 
atatime, The sidereal or true rotation period is about 25 days near the Equator, and 27 days at 35°; the synodic 
rotation period, at these latitudes, varies in aout the same proportion, The mean sidereal rotation period at present 
used in the NLA. and A.E. is 25°38 days (27-2753d. synodic), but a 25*2-day sidereal period, 27°1 aynodio, ia perhaps 
nearer the true value, being that favoured in the recurrence of sunspots, facule, flocenli, prominences, and magnetic 
storms. The Sun’s axis of rotation is inclined 74" from the vertical to the Ecliptic plane (see p. 96). 

Carrington's Series of Rotations (25°35 day), used for statistics, has as nero moridian the Sun's prime meridian that passed 

through the ascending node at Oh. G.C.T,, Jan, 1, 1854; No.r iegan Nov. 2 1853; ror, 1906, Jan, 274 (17h, 46m). 

Sunspots vary in size from small ‘pores,’ as the smallest are termed, to groups so large as to be visible to the naked 
aye, on occasion, A sunspot presents the appearance of a dark irregular spot, or wmbra, surrounded by # leas dark 
portion, or penumbra ; the wmbra, however, is only apparently dark by comparison with its surroundings, being actually 
brighter than the electric aro, though its darkest portion, the nucleus, has only about 1 per cent of the brightness of 
the average surface: very black, round spots, known as nucleoli, are often seen in the umbra, Bridges from the 
photosphere, often intensely bright, may frequently be seen sradually encroaching on and dividing up the penumbra 
and umbra; in large spots, these can easily be seen with a 3-inch telescope, or even less, ‘The size of spote varies from 
about 500 miles to some 50,000 miles in diameter, Those over 15,000 miles are Vased-eye Spots, visible without a 
telescope, when the Sun's brightness is sufficiently reduced by cloud, mist, or dark glass. The diameter of the apot, 
including the penumbra, may usually be roughly reckoned as being three times the diameter of the umbra. 

The umbra is usually some 2000 to 6000 miles lower than the general surface, which results in the MWilsom Eyfect, 
the apparent displacement of the umbra as a spot approaches the limb, On rare oceasions, when of unusual size and 
depth, a spot is visible as a small notch on the Sun's edge when just coming into or going out of view, 

Sunspots are never seen at the Sun's poles, and rarely within 3° of the equator. They occur mainly in two 
ones between 10" and 30° of N.and §, solar latitude. Spots in 45°-50" are rare, and no spot has yet been recorded 
beyond 60°, Sunapots have magnetic fields, and the polarity, + or —, of the ‘preceding’ or foremost spots of a group 
is opposite in the N. and 8. hemispheres—which hemispheres may differ very considerably in their spottedness. 








The Sunspot Period.—The spottedness waxes and wanes, a maximum being reached about every 11-1 to 11°15 
years, on the average, but there is no definite period, intervals between maxima having varied from 74 to 16) years ; 
the apparent 11-year cycle, however, is really a half-cycle, for the spot-polarity changes after every minimum, 

The rise to maximum is usually more rapid than the fall, taking about 44 years; minimum spottedness is reached 
about 64 years later, when no spot may he visible for weeks. Large spots may appear at any part of the eycle. 

Spoerer’s Law states that the two spot-zones simultancously move slowly from high N. and 8, latitudes towards 
the equator. Nearing minimum—the end of each half-cycle—the spot-zones are near the equator; the new half- 
cycla begins when spots of opposite polarity break out in high latitudes, some time before the actua) minimum ts 
reached, and two or three years elapse before old-zone spots finally disappear. The new spot-rones gradually decrease 
in latitude, till, at the end of eleven years, they, in their turn, arrive near the equator; high-latitude spots of opposite 
polarity then appear, heralding the beginning of the second half of the cycle, 

The variation of latitude is shown in a striking manner by plotting the spots of a cyele according to date and 
latitude, From its shape, this is known aa a Butterfly Diagram. 

*Spote not an the centre are, of course, greatly foreahortened when near the limb, 


NOTES ON THE SUN, de. 23 


Sunspots and Magnetic Storms. —The curves of sunspot activity, of terrestrial magnetio storms, and (on 
the whole) of aurorm, closely coincide, indicating some intimate connection not yet wholly explained. A large spot 
near the centre of the dise often coincides with a magnetic storm, but not always, and on the other hand the return 
of a certain aren to the centre of the disc sometimes: causes « magnetic storm, though no spot is visible. 

Wolf's Sunspot Numbers give the relative ‘sunspot activity’ for any year, based on the number both of 
groups and of individual spots—the size of telescope used, and the observer, being taken into account. The numbers vary 
from 0 to about 150 at the highest maximum, and they have been caloulated back to 1610 (See Memoira R.A.S., vol.45), 
A sunspot number of 100 is equivalent to a sunspot area of about 1/500th of the visible dise, 


Prominenees or protuberances are jots or clouds of glowing red gas which rise all round the Sun's ‘limb’ or edge 
from the chromosphere, a bright senrlet, irregular ring of light, some 5” to 15" in depth at different times, seen only 
during total eclipses, or by means of a spectroscope attached to the teleyoope (see p.36), The reversing (uyer is 
& thin stratum of gas which is responsible for the dark lines in the solar spectrum, absorbing certain portions of the 
bright light from the Inyers beneath, and reversing them into dark lines. In solar eclipses, just before the Sun dis: 
appears, it shows the lines bright instead of dark—a phenomenon known as the flaah spectrum, 

fUlaments are long dark prominences seen in projection on the Sun's dise, Motien./orms are apparent filaments 
over a sun-spot, but in reality only distortions of the hydrogen (C) line caused by high radial motion, 

Floceuli, seen or photographed by the spectro-heliograph, in one particular wave-length of light (usually that 
of calcium, sometimes hydrogen), are small irregular clouds of either of these elements, which are seen all over the 
dise, and show the distribation of the element over it. There are both bright and dark floceuli: the latter may take 
the form of long dark wisps, The Soler Reseau, or Reseau Photospherique, is an og yet unexplained blurring or 
fuzziness of the solar granulation; it is not known whether it is of solar or terrestial origin, (* Reseau’ also means 
the network of squares ruled on celestial photographs for messuring purposes). 

The Corona, also seen only during total eclipses, is a mysterious, irregular, pearly ring of light surrounding the 
Sun, Itisnever quite the same, either in shape or extent, in successive eclipses, and appears to be partly gaseous, and 
partly meteoric, for it shines partly by reflected sunlight. It varies with the 11-year period of the Sun‘s netivity, 
being more or less regularly distributed round the Sun at sun-spot maximum, while at sun-spot minimum there are 
large streamers, several degrees long, near the Sun's equator, with tufts or plumes of light near his poles, Ita bright- 
ness varies, being at times uncomfortably bright, nearest the Sun, without a dark ginss, especially when the Sun's and 
Moon's diameters are nearly the same, but on the average seems rather less bright than the Full Moon. The Corona 
spectrum has a characteristic green line (AS53014) due to oxygen, once ascribed to an unknown element ‘coronium’, 

Baily’s Beads are sometimes seen for an instant before totality—a breaking-up of the thin disappearing crescent 
of the San into « series of bright moving points, like a string of shining bends.* Then, as totality begins, the prom- 
inences and corona appear until the Sun begins to emerge again ; sometimes, however, they appear just before totality, 

Shadow Bands or fringes, another eclipse phenomenon, are alternate light and dark hands, afew inches broad and 
1 to 3 feet apart, that appear on white surfaces for an instant as totality begins: probably due to irregular refraction, 

_ The Sun’s Magnetic Poles are about 6° away (but perhaps this varies) from his rotation poles; they rotate 
in 31°29 days (31d, 7h.), and were on the Sun's central meridian on 25th June 1914, 


The Sun's Temperature, that of n dwarf GO star, is about 6000°K, (10,000°F,) near the surface. The Solar 
Constont, the amount of heat received by the Earth (on entering the atmosphere) from the vertical Sun, is 1-93 gram- 
calories per minute on each square centimetre ; variations of one to five per cent seem to occur from day to day. The 
temperature of sunspots is about 4800°K.—1000°C, (1800° F,) less than that of the general surface. 

Solar Motion.—The Solar Apex, or Apen of the Sun's Way, ia the point on the star sphere towards which the 
Sun is travelling with a velocity believed to be about 19:5 kilometres (12-1 miles) per second, The position of the 
Apex is ascertained from study of proper motions, or radial velocities, hut determinations differ, often by many degrees, 
ditferent sets of stars giving varying results. In the main, however, there is agreement as to the goneral direction of 
the Apex being in Hercules or Lyra, about R.A., 18 hrs, Dee. 34° N. (or, as usually stated in degrees, R.A., 270", 
Dee. 34° N.). The Solar Antapes is the point diametrically opposite on the star sphere, RA. 6 hrs, Dec. 34°8. 

Mean Dally Spotted Area of the Sun in millionths of the visible homiaphere (projected aren, corrected for foreshortening), 
Vear.— 1913 1914 1915 1916 197 1918 1919 1920 Oat 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1033 
Area... 7 152 607 [24 1537 1178 1052 618 420 259 85 276 830 1262 1058 1900 1242 814 275 163 8A 
Mean Lot, 23% 872 By OY ue Ee ly wy FF ise sey SOP mae is my soy oP ae oR 

Sunspot Maxima and Minima (spprox.; 4+, —, polarity of N.‘prceeding' spots. | 1934 1935 1936 1937 1938 1939 
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* Probably due to irregularities on the Moon's limb, 


" THE PLANETS. 


The Nautieal Almanac (N.A.), and The American Ephemerts (A.E.), give mach useful planetary observing information. 
Under § Phenomena’ are the dates of opposition, coujunction in R.A, with the San and Moon, elongations of Mercury and Venaa, 
&e,; there are Qucultation Tablea, with latitude-limites of observability, and those seen at certain stations ; also Sunrise, Sunset, 
Moonrise, Moonset, and Twilight ‘Tables, for latitudes 0° to GO", The ‘Physical Ephomeris’ Twblea give the position angle 
of the axis, planetary meridian on the centre of the disc, magnitudes, configuration and eclipses of the satellites, de. ; alana :— 

Mars.and Jupiter, ‘The angular amount of phase, (always on the W, side frum conjunction to opposition, and on EL side from, 

opposition tintil conjanetion) is given by column g; the linear {=areal) fraction of the disc uininated, by column &, 
Column Ds gives the tumber of degrees the planet's N. pole (+3, or 5, pole (— ), is turned towards the Earth: maximuni 
about 854° for Mars; 4° for Jupiter; 20° for Saturn; but largely ullified by foreshortening. 0° = both poles on limb, 

Jupiter's Satellites, Configuration: © at the side indicates ‘In transit’; @ ‘In occultation or eclipse." The Phase dingrams show 

the position of each satellite during the month by a * (change slight, except near opposition), of the points where the 
aatollites disappear in, or emerge from the shadowt; ¢ (or od) is the point of disappearance; f (or r), that of reappearance. 

Saturn's Rings, Cxilumn # (Saturnicentric latitude of the Earth) gives the angular ‘openness’ of the rings, 0° when invisible, 

about 25° fally open, Column 8° is the Sun's elevation above the ring-plane; the rings are invisible when # or A’ =0"; 
ind also when # (Earth) is + (North), and 4’ (Sun) is:— (South), or vio versa, Position angle of axis is sume ae column 2. 

Hoor of R.A, on the rocridian at mean midnight (Sidereal Time), for each day; from this, that at other hours can be found. 

Rising or Setting of Planets, From the V7.4. time of meridian passage, subtract (or add) the semi-diurnal wre (see p, xvi}. 

Astronomical Terms; The Calendar, The student should read the very interesting article on these subjects in the Appendix 

te the British V.a4., which also contains, for the advanced, an claborato precc of formule used in the Almanac, 

Heliocentric longitudes and latitudes, and radians veetors, giving orbital positions and distances with refersnos to the Sun, mre 

eiven annually in the American Ephemeria, The British VA. publishes them for twenty years in advance, 1917-40 in Vda. 
1916-17 (Morcury annually, till 1038): 1941-60, also 1900-1040, in special vols. Earth's heliocentric longitude, see p, 4. 

General Notes.—The Major Planets, so called to distinguish them from the Asteroids or Minor Planets, none 
of whieh exceeds a few hundred miles in diameter, are Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, 
Neptune, Pluto, The first four, and Pluto, are sometimes distinguished as the Terrestrial Planote, as their sizes are 
comparable with that of the Earth, the others a9 the Giant Planets. They are always near the Ecliptic except Pluto, 
within the Zodine (p.3), and are readily distinguished from fixed stars, as they donot twinkle unless low down ; their 
spectra are those of reflected sunlight, with bands due to methane in all the giant planets, and ammonia in Jupiter 
and Saturn (p.27). Their constantly-changing positions are easily found hy the IA. and Declination given in almanacs. 

Unlike the Moon, which souths about 38 te 66 minutes (mean, 504) later each day, the Superior /Manets (Mars, the 
Asteroids, Jupiter, and these beyond) south earlier, on the average, each night, appearing to move nearer the Sun daily 
when E. of him, but further away when W. of him, and being lost in his rays for some six weeks annually—Mars, 
and the asteroids in general, for months, biennially, having long synodic periods (see below). 

The Superior planets are best seen when in opposition, southing about midnight; the Juferior Planets (Mercury, 
Venus), about the times of greatest elongation, Opposition or greatest elongation may occur at any time of the year, 
bot the nearer they happen to one date in a certain month (Superior planets, that on which the Earth's helioventric 
longitude is about the same as that of the planet's perihelion) the larger and brighter is the planet; many years, how- 
ever, elapse before the most favourable conditions recur, For Magnitude variation, see pp. 19 and 37. 

The Solar System (ace alyo p. vili).—The figures below are mostly (or, based on) those of the American Ephemercs, ta which 
refer (or to the yearly BAA. Hendbl.) for greater precision, The larger of two diameters is the equatorial, the smaller the polar, 

Sun, Diameter, 864,400 miles, 1,391,100-km.; Moon, 2160 miles, 3476 km. Density: (water=1) Sun, Il); Moon, 334, 
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NOTES ON THE PLANETS. 25 


The Paths of the Planets on the Star Sphere. As seen from the Sun, these (their heliocentric paths) ore, for ordinary 
purposes, unchanging, and each intersects that of the Earth (the same as the Ecliptic) at two practically fixed points, the nodes. 
The heliocentric paths are also approximately the average paths of the Superior planeta, as seen from the Earth (see below). 

Planets wttain their greatest heliocentric latitude when about 90" longit. from the nodes, and remain longest (lengthens as the 
ecosntricity) on that side of the Ecliptie in which aphetion lies-than in the other, partly because the node-sphelion-node distance 
is greater (slightly, unless eccentricity ia great), partly because the mean motion is slower, I the node-perihelion angle (w) is 
greater than alwnut 180°, apholion is in the N. celestial hemisphere (Mars, Jupiter, Saturn, Neptune); if fess, in the Southern (Mercury, 
Venus, Uranus, Pluto); in the former, the altitude at favourable oppositions is beat for Southern, m the latter for Northern observers, 

As seen from the Earth, the Superior planets reach a latitude above or below the Ecliptic at least equal to the inclination of 
their orbita, and each follows the heliocentric path more and more nearly the less its parallax—de,, the remoter the planet is from 
the San; thus their geocentric paths are confined toa very narrow strip on the star sphere—Mars excepted (see below). 

Mercury and Venus, which circle the stat phere with the Sun, have the Ecliptic for their average path (approx.), and attain 5° 
and 0°, respectively, from it if max. heliocentric latitude occurs with Earth about beliocent. longit. 318° (Mere), 168", 346°( Fenwa), 

The Earth's everchanging position in her orbit, may, as seen from her centre, displace the Superior planets from their belio- 
centric positions («) E. or W. by an amount about equal to the Earth's annua! parallax (p.10) as seen from the planet ; (h) N. 
or 8. by a small amount—grentest nbout perihelion opposition, smallest about conjunction—except for near-hy Mars, which at 
opposition may be some 3° to 6° Nvor 8. of the heliocentric path; Jupiter's maximum is about }°, And asthe Earth's mean daily 
orbital motion of 1° exceads those of Mars and the asteroids by 4° or more, and those of the other Superior planets by well-nigh 1°, 
(see Table, p.24), when Earth and planet are on the same side of the Sun and in the same line, at opposition, the Earth outruns the 
planet, causing it apparently te retrograde on the star sphere—before and after opposition, also, for some time, The combined 
motions of the Earth and » planet make the latter's path on the star sphere, as seen from the Earth, a looped or zigzag curve, 

Mercury is always so clove to the Sun that, even when most favourably situated, he is only observable for about 
two hours (naked eye, } hr,) atter sunset or before sunrise, and that at a very low altitude, especially in higher 
latitudes. His very eocentric orbit causes his greatest elongation (G.E.) from the Sun to vary from 16° to 29°—the 
latter one being at aphelion, when he is 8, of the Celestial Equator, and best seen by Southern observers. In temperate 
latitudes he is most favourably placed near the Equinoxes, as an evening star in spring, some days before G.E.—one 
in April being best, or as a morning star in autumn, some days after G.E. (in the 8. hemisphere, Oct, and April). 

Mercury haa phases like the Moon, and is mag. — 1-8 when in perihelion near superior conjunction (but very near 
the Sun); at G.E., the average is only +0°2, Sidereal period 88 days; synodic, about 116 dys. (Rotation, see below). 

Venus, the brightest of the planets, sometimes seen in broad daylight, may even enst a shadow ; her faint mark- 
ings (very doubtful if permanent features) are difficult to observe owing to lack of contrast, but her phases can be 
studied in a small telescope or good opera glass; examine in daylight—which diminishes the glare—or soon after 
sunset or before sunrise, Her greatest brilliancy is during the crescent stage—as an evening star about a month 
aftor, or asa morning star f¢/ore, greatest elongation, which at maximum is 47°. (GE, never oceurs at nearest to Earth), 

The maximum magnitade(—4-4)occurs about every 8 years, when Venus is in perihelion near the end of December, 
and 8. of the Celestial equator as a morning star, therefore more favourably situated for Southern observers; she is 
then twelve times brighter than Sirius; she is slightly fainter when in perihelion about the middle of March as an 
evening star, when Northern observers see her much higher above the horizon, Her apparent motion is se slow—the 
synolic period being about a year and aeven months (584 days}—that she remains visible or invisible for several 
months, unlike Mercury, which rapidly disappears in the Sun's rays. Siderenl period, 224:'7 days; rotation, see below, 

A isint, luminosity, like Earthehine on the Moon, occasionally reported oa visible on the dark side, ie now attributed to ocular causes, 

Recurrence of Greatest Elongation.—For Mercury, the most favourable elongation occurs about every six years; for 
Venus about every 8 yeara. The intervals between greatest E. and W, elongation are yery unequal :— 

Greatest E. to greatest W. elongation, inferior conjunction between :—Mercary about 44 days; Venus 144 days. 
Pt W. ro] i" Buperior 4 or) " " 72 on “ 440 " 

Mars is of little interest in a smal!) telescope except in or near opposition—when his angular diameter iz 13" to 
95": this occurs every 740 days on the average—nearly two years and two months, the longest (major) planetary aynodia 
period ; the aidereal period is 687 days. Favourable oppositions come every 15 or 17 years, the best about Aug. 26th 
(from 1924, very favourable), when Mars exceeds Jupiter in brightness, attaining mag. —2'8, but a4 his dise is even 
then only half the diameter, little detnil is seen in small telescopes. The mean and minitmum opposition magnitudes 
vary between — 2-25 and — 1:0, while in conjunction with the Sun he is only 2nd magnitude. Except near opposition, 
Mars is more or less ‘ gibbous'—i.0., not fully, but more than half-illumined—greatest when he is in quadrature (90° 
longitude, or Ghrs, R.A. from the Sun); only 0-84 of the dise is then illomined. Mars hms two tiny satellites. 

On Mars' ruddy dise, dark yreyish-green markings—once thought to be seas, but now supposed to be marshes or 
vegetation areas—can be seen, and one or other of the bright, white polar spots (probably snow-caps, perhaps partly 
hoar frost) is a striking feature ; oceasionally both caps are visible. The tiner so-called ‘canals'—an unfortunate trans- 
lation of Secchi’s canali, ‘channels,’ not necessarily artificial—are invisible in small telescopes, and though some seem 
to result from real markings, the tendency is to regard them as partly due to ocularcauses. Rotation period, 24h, 37-4in, 


Rotation Periods of Mercury and Venus.—JMercury's rotation period is now believed to be 88 days, the same ns his aiderea] 
one, 40 that he always keeps the same face to the Sun. Venus is still a posle; the period of 24-hra. or so, long accepted, ia now 
abandoned, the bulk of the evidence indicating a period greater than 20 days, while some think she rotates in the same time as 
her sidereal period, like Mereury. Pickering’s period is 0%h., axis inclined only 6° to the orbit. 
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Jupiter is a fine object for small telescopes, with his elliptical disc, darker at the edges than in the centre, and 
‘parallel belt’ markings; when in quadrature (p. 5) the limb is very slightly shaded, owing to ‘phose.’ Tho rotation 
period is 9h, 50-Sm. near the equater (System I., ¥.4.), and 9h. 55-7m. in the temperate zones (System IT.), 

For reference, the disc is divided into the N, and §. Polar Regions; the Kyuatorial, Tropical, and Timperate Zones, crossed 
by seven darker ‘ belts'—viz,, the narrow Aquatorial Band ; the Lyuatorial (NV. and 8,), and Temperate (N., VN. 8. 88.) Betta, 

The Great Red Spot, seen in 1857, first prominent in 1878, was an oval about 13" by 3” (30,000 by 7000 miles), and 
ita rotation period has varied by several seconds. Bright red till 1881, by 1892 it lad faded to # pale orange, and 
has since shown little colour, In 1919-20, remarkable and rapid changes occurred in this region, the Spot disappearing 
and re-appearing again, It has generally been seen in « ‘hollow’ or ‘bay! in the S, side of the 8. Equatorial Belt, 
and a dark marking, the 8, Tropical Disturbance, periodically overtakes the Spot and accelerates its motion. 

Jupiter's synodic period being about 399 days, in successive years oppositions take place a month later in the 
season, the most favourable being every 12 years, in Sept..October; his magnitude is then —2-5, compared with about 
- 23 at mean opposition, Minimum mag., when in conjunction with the Sun,about— 2-1, Bidereal period, 11°86 yrs. 

Jupiter's Satellites or Moons.—Seven of these are seen only in great telescopea or on photographs, The other 
four (nbout mag. 6, and nur bered from the planet 1, 11, IT, 1V) are visible in an opera glass : they are all eclipsed by 
Jupiter's shadow (not instantaneously), I to III once every revolution. Sometimes a satellite ‘transits’ or passes 
across the planet's disc, appearing, as it enters or leaves-the dise, as « bright spot on a dark background (the limb or 
edge of the planet being darker than the centre), while later it may disappear, if the background is similar in bright. 
ness and colour; it may also show asa dark spot. The shadow also transits the disc as a dark spot, which is apt to 
be taken for the satellite itself; sometimes both satellite and shadow are seen transiting at the snme time. 

Geeulfations, when the satellites pass behind the bedy of the planet, are frequent, but of little interest, though, 
when Jupiter is in or near quadrature, the satellite may disappear, or re-appear, slightly away from the apparent 
limb owing to the ‘ phase'—which is on the west side before, and on the enst side after, opposition, 

Saturn is also # fine object for small telescopes. ‘The dise is even more elliptical than that of Jupiter—seen 
fully only when the Earth is in the plane of the rings—but is only slightly darker at the edges than in the centre. 
Faint parallel-belt, markings may be discerned, and oecasionally bright or dark spots, but his special feature is the 
wonderful Ring system, divided in two by « dark line-like marking known as Cassini's Division; it is just visible in 
4 21-inch refractor when the rings are fully open, The projecting ends of the rings are called the Anam; the one facing 
in the direction of the planet's motion, in the field of view, is the ‘preceding’ ansa, the other the ‘following’ one, 

The principal rings are designated A (the outermost) and B which is brighter; A is divided by a narrow dark 
line known as Buche's Diviston, not easily seen, A third ring O, the dusky Crape, Crepe, or Gauze Ring, nearest 
the planet, requires ot least oa 4-inch telescope. The rings are not solid os was once supposed, but myriads of tiny bodies 
revolving round the planet; the actual thickness of the rings is not yet known; estimates vary from 10 to 50 miles, 

Saturn Kingless.—Twiee in the course of Saturn's 29}-year sidereal period, at intervals of 15} and 159 years (from 
1936), the rings present their edge (#) to the Sun, (/) to the Earth, or (¢) turn their unillumined side towards the 
Earth, and become invisible in ordinary teleseopes—even in the largest telescopes, when edgeways to the Earth—for 
a day or two; Saturn is then in heliocentric longitude 172° or 352°, in the constellations Leo or Aquarius Pisces, 
About 8-7 years later, when he is in the constellations Taurus or Sagittarius (long. 2° and 262") the rings are fully 
open, and he is at his brightest (see p.13). The most favourable conditions for brightness and openness are when 
Saturn isin opposition at the times of perihelion (longitude 91°), and greatest openness, which, forthe same longitude, 
only occurs every 29-30 years (from 1914), The Earth isin longitude 82° and 91°, about Dec, 15 ond 24, with Snoturn 
N. of the Ecliptic, and in 262° about June 14, when he is 8. of it: oppositions about these dates will therefore be 
favourable, but those in the observer's summer will be at low altitudes, As Saturn’s synodic period is $78 days, 
oppositions recur only a fortnight later in the season each year, giving for some yearsa succession of the best brightness. 
conditions, At the time of ring-invisibility, the Earth may pass (or almost pass) through the ring-plane thrice in the 
course of a year, the central one being near longitude 172° or 352", the others months before or after (see Table p- viii), 

Saturn's magnitude varies with the apparent width of the rings; mean opposition about — 0-93, max. — O-4; ring- 
less, from O65 to 0-87, His rotation period varies with the latitude, averaging about 101 hours, Herschel T, gives it 
ag 10h, 1m,; Hall (1876) 10h. l4m, 242, for lat. 10°; Denning (1903) 10h, 37m. 568,* Sidereal period, 20-46 years, 

Saturn has nine satellites; a very small telescope shows Titan, the brightest (mag, 8-5); a 3-inch, or even less, 
Rhea (mag. 10-0); a 4-inch, Tethys, Dione, and Tapetus (mags. 10-6, 10-7, 10-9, respectively); the others are mag. 12-15, 

Uranus and Neptune are of little interest to the ordinary observer, being so distant that their small discs are 
visible only in telescopes over 4 inches, their satellites in large ones. Uranus, being mag, 6, is visible to the naked 
eye; Neptune, mag. 7, in an opera glass, Their maximum and minimum brightness differ only by about 0-5 and O-2 
magnitude, respectively; their angular diameters also vary very little. Uranus has four satellites, Neptune one, 

Pluto, discovered 1950, has a very eccentric and highly-inclined orbit (17°); at perihelion (in 1989) he comes 
nearer the Sun than Neptune. His magnitude (seems variable, by 0-2-0-4 mag.) ranges from about 12} to 159. His 
diameter and mass, from magnitude and probable albedo, seem to be of the sume order as those of Mercury or Mars, 

* In the Planet's north latitude 85°, 
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Planets X, 0, P, &c. Ultra-Neptunian planets, suggested by planetary perturbations and cometary analysis. 
Pluto represents Lowell's ‘Planet X' (1915, mass much less); for the others, see /7.A., vol. 61, PA., vol. 40, 19392. 
The Asteroids, or Minor Planets, being very minute, ore all invisible to the naked eye, except Festa (oppos. 
mag. 65); the largest Ceres, is 480 miles in diameter, but the great majority are well under 40 miles, They occupy 

‘hi position where ‘Bocde’s Law’ (p. viii) indicates a planet ought to exist, and may possibly be the remaina of one. 
Unlike the Major planets (except Flute), their orbits vary greatly in inclination to the Ecliptic and in eccentricity 
Hidalgo (941) having an orbit-ineclination of 43°, and an ecventricity of 0-65 (exceeded by that of Adonis, see below), 


New asteroids may reccive nates, bit are only ninibered (symbolised this, @), rotighly in the order of discuvery) when a 
eatiafhotory orbit has hea obtained : for the temporary nomenclature, see pix, Over 1300 asteroids are now known. 


roe (134), diameter about 15 miles, and perhaps §-shaped, or irregularly coloured, os its light varies, rotntes on its 
axisin O} hours. Its orbit is so eccentric that when nearest the Earth it is about half the least distance of Venus, or 
14 million miles; it is then about mug, 7, but is asually beyond the reach of small telescopes, the mean opposition mag- 
nitude being mag. 10, The nearness of Eros makes it of great importance for accurate measurement of the Sun‘s distance. 
Amor (Delporte Planet 1932 £4), not more than $ miles in diameter, approaches within about 10 million miles 
of the Earth—4 million miles nearer than Eres does. Lt may be in opposition twice in a year, Period about 2] vears. 
i0e2 HA, the Reinmuth planet, about a mile in diameter, may transit the Sun, ite orbit coming within that of 
Venus; it may be only $ million miles from the Earth, Period about 1} years, (No name or number, orbit doubtful). 
Adonis* (1088 CA, also unnumbered), a second Delporte planet, approaches nearer the Earth than any other 
known body except the. Moon; in 1056, it was only 1:38 million miles from us. In addition, its eccentricity (0'T4) 
is. greater than that of any other planet, so that it comes well within the orbit of Venus, and travels out as far as 
that of Mars, It is probably under half a mile in diameter, Period about 257 years; inclination of orbit, 1°26'. 
The Trojon (or Jupiter) Grown of asteroids, named after heroesin the Trojan war, is noteworthy for its: members 
revolving in stability equidistant (approx.)from the Sun and Jupiter, though their orbits are very near that of the latter. 


Planetary Radiationt.—Vve Jusoletion of a planct is the total radiation it receives from the Sun; of this the 
planet (a) reflects much solar radiation of short wavelength, ie., the ultra-violet, visible, and shortest infra-red wave- 
longths ap tosny Tt (=A14,000); and (4) absorbs the rest, then re-radiates it as Planetary Radiation of long wave- 
length, ie, invisible low-temperature heat-rays, which may include the planet's own radiation, if any: thus (4) is the 
measured total radiation /ea the amount of fa). A lem. water cell placed in the beam of the planet's radiation 
transinits (¢) but absorbs (/), thus enabling the amount of the latter to be measured, As an atmosphere acts as 0 
blanket, the planetary radiation of atmosphereless planets will be high; that of those with ntmospheres will tend 
to be small, lessening the denser and cloudier the atmosphere. Quartz and fluorite sereens, which transmit longer 
wave-lengths than the 14a of the water-cell (to 4-1 and 12 respectively) ure also used in these investigations. 

Jupiter and Saturn omit 6 per cent of planetary radiation; Mars has about 507, indicating a thin atmosphere; 
Venus, about 8% on the bright side. The Moon and Mercury give 747, suggesting similar physical (atmosphereless) 
condition, ‘The Moon's local radintion at first or last quarter is proportional to the distance from the illuminated 
limb, and is zero at the terminator, The difference in the radiation from the light and dark lunar areas is slight. 

Planetary Temperatures.—The surface-temperature of the Moon varies greatly throughout the lunar day; 
under the vertieal Sun itis 101°C. (214°P.), while during the long night it sinks to leas than — 150°C, ( —238°F.). Mercury 
under the vertical Sun is about G85°K. (412°C., 774°F., above the melting point of lead), at perihelion, and 545°K. 
(287°C. 40°F.) ataphelion; his dark side must be very cold, practically no heat being measurable, Venwe differs little 
on the bright and dark sides, her temperature being about — 25°C. (—9°F.); we evidently only see the upper surface of 
a cloudtayer in the isothermal region. ors, under the vertical Sun, is 21°C. (70°F) at perihelion, but only —6°C, 
(210°F.) ataphelion, when the temperature at the poles isabout —7O0°C, (-94°F.). Jupiter and the other giant planets 
are evidently cloud-covered like Venus, but their temperatares are naturally lower, Jupiter being about — 150°C, 
(-202'F.); Saturn, though much further from the Sun, some — 120°-150°C. (— 184°-238"F.), thus seemingly emitting 
some heat of his own; Uranue and Veptune, some —190°C.(—SL0°F.) and — 220°C, ( - 364°F.) respectively. 

Planetary Atmospheres,—The Asteroids, the Moon,and even Mercury (probably, the temperature being high), 
having masses too small to overcome the ‘velocity of escape’ (p, 20), are atmosphereless. [If Mercury has an atmosphere, 
as faint transient markings (perhaps dust from voleanoes) anguest, it is so tenous that the solar spectrum is unaflected, 

Vent has earbonic acid gas in heratmosphere, but seemingly no oxygen or water vapour in the observable regions, 

Mars. —The density of his atmosphere at ground surface is eaxtimated as not exceeding that of the Earth ata height 
of 11 miles, but it is probably much less; clouds form in it and disappear, and both oxygen and water vapour are be- 
lieved to be present, and were reported as having been observed in 1924, but later observations failed to confirm them. 

The (ant Plonets’ atmospheres, 60 far as they are penetrable, are probally largely composed of hydrogen, and all 
contain the not easily condensed methane (marsh-gas, C/Z,), the quantity increasing the further the planet is from the 
Sun's warming mdintion, Jupiter, with the higheat temperature, and ton lesser extent Saturn, also contain ammonia, 

Pluto, if similar to Mercury, could retain an atmosphere, but the very low temperature would condense most gases, 

* Anter'os, Lomporarily, + See Lowell Obs. Bulletin, No, 85, 1025, 
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Planetary Surfaces. —Only the elondy upper regions of the Giant plancts and of Venus are visible, but the actual 
surfaces of the Moon, Mercury, and Mars, are seen, The polarimeter curves of the three latter ure strikingly similar 
to those of volennic ash and pumice, From their albedos at different phases, the surfaces of Mereury and the atmosphere- 
less Moon seem to be very similar, as might be expected, and are rather rough; that of Mars seems to be fairly emooth. 

Meteors or Shooting Stars are of all degrees of brightness, from the faintest, lasting an instant, to the dolide or 
brilliant sireball, lasting several seconds: those that reach the Earth are called a¢rolifes, Meteors may appear in any 
part of the sky, but there are certain well-marked pointa on the star ephere from which showers of meteors come every 
year at regular dates, when the Earth returns to the same part of ita orbit. These showers are named from the con- 
stellation in which liea their Aadiant Point or Hadiant—so called because the meteors of the shower appear to 
radiate in all directions from that point in the sky, Many hundreds of radiants are known; the Table on p. 89 gives 
a few of the principal showers that may be looked for, and the approximate position of their Radiants. Those inter- 
ested will find a long list in Webb's ‘Celestial Objects.’ In colour, the average meteor is more or less white, and is 
estimated to weigh not more than a single grain, from brightness and velocity considerations. 

The meteors for any particular radiant mostly exhibit the same general characteristics year after year. Ther 
are, however, considerable differences between various showers. In some, the meteors move very swiftly, in others, 
they move comparatively slowly; in some, the average meteor is faint, in others, a proportion of fireballs may be ex- 
pected, Streaks or trails are characteriatie of some showers, while occasionally a bright slow-moving meteor seems to 
travel ina wavy path. All these points should be noted in meteor observations, but in recording the appearance of o 
meteor, the unskilled should note that it is much more important to describe exactly its apparent path or track among 
the stara, from beginning to end, than its physical appearance, The same shower may also vary considerably in point 
of numbers, being quite conspicuous one yenr, and hardly visible the next, or for yeurs in succession, On the other 
hand, some showers of considerable steadiness sometimes flash into greatactivity at intervals, the Leonids for instanee, 

Meteors are generally twice as frequent at 6a.m. as at 6 p.m., because at the former hour we are facing in the 
direction of the Earth's motion in its orbit; in the latter, to the rear. They usually appear from 50 to 80 miles above 
the Earth's surface, and, on the average, disappear at 40 or 50 miles. (See Notes on olverving meteors, p. 39). 

Comets vary in brightness, most of them being visible only with the aid of a telescope. A comet is generally 
first discernible as a minute, faint, misty patch of light, so much resembling a nebula that it is only identified as 
a comet when found to be in motion, but sometimes even a very large comet escapes detection at first by approaching 
us in the line of the sun, The essentinl portion of all comets is the coma or head, the misty patch of light already 
mentioned. In addition # nucleus may develop as it approaches the sun, i.e. a bright flame-like or star-like appear- 
ance within the coma, and also a tail, or sometimes several tails—which always point more or less away from the sun, 
no matter whether the comet is approaching or receding from the sun. The tail usually appears as a curved hollow 
cone, decreasing in brightness as it widens out. Both nucleus and tail, when present, increase in size and brightness 
as the comet nears the sun, and decrease as it recedes from the sun; envelopes, or stratifications of the mist round 
the nucleus, especially on the side towards the sun, may also appear as the comet approaches perihelion, Neither 
nucleus nor tail, however, is necessarily present. Several comets are connected in some way with meteoric showers, 

Pepiodie cometa—those which revolve round the sun, and thus appear at regular intervals—are known by the name 
of their discoverer (ne ffolmea' comet), or discoverers at two different returns (as Pons-Brook's comet), or discoverer or 
investigator of the periodicity (as Aalley’s and Eneke's Comets), Tempel 1 (1867), Tempel 11 (1873), indicate two dis- 
eoveriea by the same observer, iela's comet (now lost), which divided in two, was known as Bicla I and II. 

The Zodiacal Light :-—Except near the time of the equinoxes, this is not well seen in temperate lntitudes, as ite 
axia in the sky at other times is comparatively near the horizon. It appears as 4 faint, hazy, conical, beam, some 
15*-20° wide at the base, which nearly follows the course of the Ecliptic (not the Celestial Equator) on the star sphere, 
for 90° or more from the horizon a little south (5. Hemisphere, north) of where the Sun is below the horizon; in its 
brightest parts, it is two or three times as luminous as the Milky Way, but towards its extreme limits it ia always 
exceedingly faint, Its brightness seems to vary from time to time, and it is brighter when observed within the 
tropics than in temperate latitudes, partly owing to its being more nearly vertical to the horizon, and partly to the 
shorier duration of twilight, It is best seen Feb.-March (evening), Aug-Sept. (morning) in the N, Hemisphere; in the 
S, Hemisphere, vice versa; the inexperienced are apt to mistake the glow of twilight for it. (See Notes on Observing). 
In a very clear atmosphere, the Zedtacal Band, a narrower extension, joins the Gegenschein (next page), thus extend- 
ing the Light right round the star sphere, These phenomena are all usually attributed to sunlight reflected from 
meteoric bodies, their spectra being mainly that of sunlight, but two recent theories consider them, (q) a terrestrial 
‘tail,’ like that of a comet, due to the Sun's light-pressure; (}) an atmospheric phenomenon at an immense altitude, 
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The ‘Counterglow’ or Gegenschein is « very faint round patch of light, 10°-20" in diameter (i¢., larger than 
the ‘Great Square of Pegasus'=a, &, y, Pecast and a Anpromeps), or 40°-60" according to another authority, situated 
on the Ecliptic at the point diametrically opposite to where the Sun is for the time being, It is very difficult to see, 
and cannot be distinguished if projected on the Milky Way: choose a moonless night of exceptional clearness, when 
the Keliptic is highest above the horizon, viz, in December and January. According to Barnard, it is largest and 
brightest in September and October, (See a long paper by Barnard, in the English Mechanic, March 21, 1919). It 
also is probably due to sunlight reflected from meteoric bodies. 

Occultations take place when the Moon or a planet passes in front of some celestial body, shuttting it out from 
view. The Moon frequently occults stars ; the disappearance, or immersion, ig always on the E. side of the Moon, the 
reappearance, or ¢emersion, on the W, side; sometimes (but rarely) the Moon occulta a planct, When the star is bright, 
the instantaneous disappearance and re-appearance are almost startling; very rarely, the star seems to hang for an 
instant on the limb, perhaps chanecing on some irregularity parallel to the Moon's motion. Duration, see next page. 

The Moon's (star) shadow is 2160 miles in diameter on the fundamental plane (p,3), and has no penumbra; iteweeps 
across the Kurth from W, to E., in the direction of the Earth's rotation, which makes occultations last longer than 
they would with a non-rotating Korth. The ¥_A. occultation list gives the parallels of latitude within which they are 
seen; near these limits, the amall breadth of the shadow (oval, in general) confines visibility to a very limited district, 

Eclipses occur when (a) the Moon passes in front of the Sun{; (4) a satellite enters its prim ary s shadonr (the body 
blots out, in oecultations), and becomes invisible, though nothing intervenes, because the Sun no longer illumines it, 

In Solar Lelipses—which, strictly speaking, are really ocoultations of the Sun—the eclipse begins on the west side 
of the Sun's disc, and the shadow sweeps across the Earth's surface from west to east: in Lunar Eclipses, the eclipse 
begins on the east side of the dise, and sweeps over it westwards, The timbra, or shadow, is the dark shadow on that 
portion of the Earth in dolar, of the Moon in lunar eclipses, which, for the time being, receives no direct light from 
the Sun, The umbra shades away into the bordering penumbra or partial shadow, which covers those regions of the 
Earth or Moon whence the Sun would be seen partially eclipsed: the edge between them is never sharply defined. 

First Contact occurs, in a solar eclipse, at the instant when the dises of the Sun and Moon first appear to touch, 
i.¢., when the eclipse begins: Last Contact at the instant of the end of the eclipse. In the ease of a lunar eclipse, we 
have two First Contacts—at the instant when(1) the penumbra, and (2) the umbra or shadow, first touch the Moun's diss ; 
and similarly two Last Contacts, at the moment when (3) the shadow, and (4) the penumbra respecti vely leave the dise. 

The magnitude, or extent, of partial and annular eclipses is indicated by expressing the proportion of the diameter 
eclipsed as a decimal of the full diameter, at the time, of the Sun's or Moon's dise; in solar eelipses it varies according 
to the locality, but in lunar eclipses it is the same at any place from which it is visible, 

In a total lunar eclipse, the magnitude is indicated aa the ratio to the Moon's diameter at the time taken as 1; any 
eclipse less than 1 will be a partial one, while the maximum will be about 1-8, but this only occurs when the Moon is 
simultaneously in perigee and on the Ecliptic. The further the Moon is from the Eeliptic, the shorteris the duration 
of totality, and the nearer the points of first and last contact to the lunar poles. 

Lunar Eclipses, when total and central, may lnat as long as 3 hours 48 minutes from first to last contact of the 
umbra, or up to G hours ineluding the penumbral stage; the maximum duration of totality is 1 hour 4% minutes, 
Usually the Moon does not altogether disappear from view, even at mid-eclipse, but shines with a dull redidish-orange 
or greyish light, being illuminated by sunlight refracted by the Earth's atmosphere: the colour and brightness depend 
on the amount of water vapour and clouds present in the Earth's atmosphere at the time. On rare occasions the clouds 
intercept all or nearly all the rays that would be refracted, so that the Moon becomes nearly or altogether invisible. 

Solar Eclipses, both total and annular, are rarely visible from any given place, the ‘expectation’ being only one 
in 360 years. Some 3 or 4 hours elapse between first and last contact, but totality never exceeds 7m, 40secs., and 
annularity 12} minutes: both are usually much less, At the equator, both totality and contact-interval last about n 
quarter longer than at lat, 50°. The width of the zone of totality avernges less than 100 miles, but where the Sun 
is in the zenith it may be about 167 miles.* Partial solar eclipses are of little interest, the Sun merely appearing 
notehed ; the temperature may fall perceptibly, however, and aboyt mag. “97, Mercury, Venus, and stars may appear, 

Transits of Mercury and Venus,—Transits of Venus happen twice at the short interval of eight years, and 
then do not recur for over 100 years (1054 and l2lhalternately). Last transits, 1874, 1882; next transits, 2004, 2012. 

Jfercury transits the Sun about four times in 33 years, and at the same node at intervals of 7, 13, 33 or 46 years, 
The transits always happen at the descending node in May, or at the ascending node in November. Transits take 
place in May [1924], 1957, and 1970, and in November [1927], 1940, 1953, 1960 and 1973, (See Note on Transits, p. 38) 

Ff *See Track Charis in the NA, + Or, in binaries, one star passes before the other, 
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Duration of Occultations.—The Moon's mean daily motion among the stars ie 14°°18, or 0°-55 per hour, as scen 
from the Earth's centre, The Moon's mean angular diameter being 0-515", for a central occultation her (star) shadow 
takes nearly an hour, on the average, to pass the Earth's centre, and still fenger a point on the Earth's surface, where 
by her rotation, an observer is being carried in the same general! direction as the shadow is travelling. At the Earth's 
equator the speed is about 1030 miles, and at latitudes 45° and 52°, 734 miles and 640 miles per hour, respectively; the 
duration of an occultation, therefore, shortens with increasing latitude, but in finding the actual duration, the Moon's 
varying velocity and angular diameter, and other factors, have to be taken into account, The track of the centre of 
the shadow may take strange curves, very similar to those of the tracks of various solar eclipses given in the V,4. 
Tn the latitude of Greenwich, some central occultations may last about 1) hours, 

Occultation Period. —Owing to the westward motion of the Moon's node along the Ecliptic (about 14° per 
nodical month), the Moon's monthly path among the stars is always changing, circling the star sphere back to the 
same node in 18-59 years, On the average, therefore, each star within about 6° of the Eeliptic has the chance of being 
ooculted twice during that interval, when it ic passed successively by the ascending and descending quadrants of the 
Moon's path, These ‘passings' are at average intervals of 9} years for stars on the Keliptic itself; for other oceultable 
stars the interval between the passings shortens as the distance from the Ecliptic increases (with a correspondingly 
longer interval to the next pair), till, at the oceultuble limit, the two passings coincide. But the intervals are not 
constant, owing to the varying inclination of the Moon's orbit, the node's irregular and sometimes (as regards the mean) 
reversed motion, &c., so that an occultation may be repeated during many months—or even some years, for stars near 
the oceultable limit, where the monthly paths are closely crowded—before the path finally departs from the star, 

Twilight, from ancient times, has been reckoned as ending when the Sun’s centre is 18" below the horizon, Oth 
magnitude stars then being visible in the zenith; it has no definite duration, however, as meteorological conditions may 
modify it. The glow, in its later stages is a segment of a circle, brightest vertionlly over the Sun. Direetly opposite, 
the indige-blue segment of the unilluminated atmosphere rises from the east as the Sun recedes from the horizon, 

Twilight lengthens with distance from the Equator, and is ahortest all over the Earth about the Equinoxes. 
The total variation never exceeds half an hour below latitude 40°, and in higher latitudes, some 10-20 minutes during 
autumn, spring, and winter; but above lat. 40°, in summer twilight lengthens, till it Insts all night above 50°, Civil, 
Nautical, and Astronomical Twilight (British VA.) end when the Sun's centre is 6°, 12°, and 18* below the horizon—the 
first about the limit when “ordinary outdoor operations become impracticable without artificial light.” Table p. xvi. 

Twinkling of Stars.—Though purely atmospheric in its origin, this phenomenon is of interest to astronomers, ns 
it is affected by the nature of the light emitted by each star, ie, by its spectrum, White stars (Types Band A) twinkle 
most; yellow stars (Types F to K) slightly less, and red stars (Type M) least of all. Twinkling is least at the zenith, and 
in settled and calm weather; and greatest toward the horizon, and in unsettled and stormy weather: there is also a 
seasonal waxing and waning from mid-summer to mid-winter and vice ceraa, Planets do not usually twinkle except 
when near the horizon—supposed to be due vo the fact that they have discs of an appreciable size, 

The Green Flash, or ‘Green Ray,’ occasionally seen for a second or two before the instant of sunset or sunrise, 
iso beautiful solar phenomenon, duc, like twinkling, to atmespheric causes; it is more often visible if an opera-glasa 
is used, The general conditions required are a distant, sharply-defined, and low (preferably sea) horizon: avoid looking 
nt the Sun till the last moment. Cool weather and absence of red tints seem to favour visibility. Sometimes it takes 
the form of a white flash followed by a deep blue one. While the durativn is usually only a second or two, it tends to 
lengthen with increase in latitude, especially if the horizon is nearly parallel to the Sun's motion, In the Antarctic, 
it has been observed for 30 minutes. dA fed Flash is sometimes seen as the Sun's fower elge emerges from a dark 
eloud near the horizon: it may last minutes if the cloud’s motion is nearly the same as the Sun's, 

Auroree are believed to originate in the Sun, There is general agreement between the sunspot maximum and mini- 
mum and their greatest and least frequency, and though no definite relationship with sunspots has yet heen demonstrated, 
magnetic storms and aurors frequently oceur when large spots are on or near the Sun's central meridian: they may be 
due to rays shot out from certain areas of the Sun's surface—not necessarily radially, or from where « sunspot is seen, 
Aurore appear in various forms: diffuse areas, arcs, rays, beams, curtains, patches, &o, (details see p40), The 
ordinary height is some 87 to 300 kilometres (55-180 miles), but altitudes of 1000 km. (620m.) have been recorded. 

Aurome are most frequent about the time of the equinoxes—especially just after.” In Europe, some thirty may be 
seen nonuaily on the line Inverness-Oslo; south of that line the number rapidly falls off, and south of the latitude of 
Paris, they appear only at long intervals. In America the corresponding limits are Quebec-Alnska, and Washington, 

The colour of Aurorm is ordinarily faint white, silvery or delicate green in the brighter parts; red may appeur, 
expecially in the diffused type, or towards the lower edge of other types, and may pass into yellow-green, The auroral 
spectrum (also that of the night sky, faintly), has a characteristic green line—A5077—due to oxygen and nitrogen, 

Luminous phenomena, simulating auroral forms, also oceur (rarely) near or even at ground level, and owing to 
undoubted theoretical difficulties (in our present state of knowledge) are usually attributed to mist or optical illusion, 
These explanations, however, do not account for the apparent absence of reports of such illusions from the regions of 
lesser auroral activity, where they are equally likely to occur, nor do they satisfy an actual witness of a ‘low surora,’ 

* See! Aurony,’ Eneyelo, Brittannioa, 11th edition, 
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The Gaiactic System.—Though sagacious conjectures as to the structure of the Universe had been previously 
made, nothing was known from observation till 1785, when Sir W. Herschel concluded, from the distribution of the stars, 
and the relative magnitudes of the brightest and faintest stars seen in his 18}-inch telescope, that the Galaxy was in 
the form of a thin lons-shaped dise, slit at one end lengthways where the Milky Way branches, Its length he stated 
as about six times its grentest breadth, and he believed that the Sun was near its centre, but as nothing was known 
of the distances of even the brightest and therefore presumably the nearest stars (except that they were greater than 
that corresponding to 1" annual parallax), he could only state the dimensions in what he called Siriometers, the (un- 
known) distance of Sirins or an average first magnitude star; this could be converted into actual dimensions when the 
parallax became known. Expressed in modern units, Herschel’s dimensions are 5950 light-years across, 1085 through. 

When, however, the distances of the Magellanic Clouds (p, $2) and extra-galactic Nebulmw became known, our 
Universe was found to have detinite limita, and to be merely an ‘island universe’—one out of millions of similar systems 
separated by distances of millions of light-years. Our Galactic System—containing some 30-100,000 million stars, and 
perhaps larger than the others—seems to be in the form of a lens-shaped disc some 100,000 light-years in its greatest 
length, and some 6000-10,000 in its greatest thickness, with a spheroidal centre perhaps 15,000 light-years in diameter.* 
The stars are greatly condensed towards the galactic plane, 

The Galaxy iain rotation round The Galactic Centre, some 30,000 light-years from the Sun, in the dense star-clouds 
near the junction of Sagittarius, Scorpius, und Ophiachus, about galactic lat. 0° and longit. 325-330" (Map 12)—there 
is no evidence for a central Sun, once thought probablo—and the rotation periods of its membera decrease with 
distance from the centre, those mear the Sun being about 225 million years, at a speed of some 275 km/secs, 
(17 1mjsecs.). The Rotational Term of the Galaxy is the rotational velocity round the Galactic centre corresponding to 
as given distance from that centre (but may be used of any term arising from galactio rotation); being proportional to 
the distance, it can be found by measuring the intensity of interstellar lines, (p. 20; see Pub, D.A.O., val, 5, 1933). 

Nove, Wolf-Rayet stars, Cepheid variables, Planetary nebule, the Gaseous nebulm, stars of Types Band N, and 
eclipsing binaries, show an unusually strong preference for the Milky Way and its neighbourhood, while the Globular 
clusters and Extra-galactic nebule seem to avoid it—now believed to be largely the result of the opaque matter 
being distributed more thickly in the Galactic Plane, similar to what is seen in spiral nebulae viewed edgeways. 

It is probable that our System of stars, globular and open clusters, gaseous nebulm, and dust clouds, is a spiral 
nebula, something like the Great Andromeda Nebula, with local condensations in its arms, in one of which the Bun 
is situated a little above the plane of the Galaxy—the Galaxy being a ‘small circle’ of 88° (Struve). 


Metagalactie Space is space outside the limita of the Galaxy ; Anegalactic Space, that within its limita, 











Interstellar Matter.—The space intervening between the members of our System is not empty, as was once 
thought, but is occupied by matter of exceeding tenuity—which has been computed as being of the order of J ounces 
per 1000 cubic miles—rotating on the whole with the general System, and revealing its presence by ‘interstellar lines’ 
(p. 20), and—near the Galactio plane, where it is denser, though elsewhere mostly evenly distributed—by light-absorp- 
tion, which reddens the stars (p,18), There are also vast opaque clouds, probably minute dust particles, to which the 
irregular breadth and outline, and the rifts and gaps, of the Milky Way, also the dark patches elsewhere, are partly due. 

The Galactic Plane, passing through the central line or equator of the Galaxy (Galactic Int, 0"), is of 
fundamental importance in stellar study, owing to the peculiar distribution of various classes of objects with respect 
co it (see mbove). This plane is completely detined by the position of its N, pole, but authorities vary (see below), The 
L.A.U, (1932) recommend ns the Standard System for statistical purposes, R.A, 190°, Dec, + 28", 1900 (Ohlsson, practi- 
cally Argelander’s). For Selected Areas, Harvard uses Gould's value; for Galactic Charts 17-18, Walkey's is utilised. « 

The Galactic Equator.—Authorities differ somewhat as to its course, ae is nol unnatural owing to the very 
irregular outline of the Milky Way: reference to the rough outline in the star maps will show that in several places 
the Galactic equator comes near the edge of the visible Milky Way, the observed central line of which averages 
about 1° 8, of the actual equator. Neweomb’s position for its N. pole (see below) includes the ‘branch,’ 

The North Galactic Pole is about 1° 5. of 50 Comm Ber. (Map 9), where the extra-galactic Nebulw cluster thickly ; 
the Table gives various estimates (dates not epochs); the &. GalactiePole is near nebula H. VI 20 Seulptoris (20°, Map 4), 

i 


Auibority. LA. = bh om Ten EK. Aiertty, LA = f& m Tee 4, Agthority: LA =~ hm Doe, BM. 
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Gould (@.4., 1878) 10h" (12 41) 27° 21" | Grail eee (1920) 192)" (12 46) 2H" 46° : nis en 
Galactic Longitude.—The usual zero is the intersection of the Galactic Equator with the Celestial Equator about 
R.A, 18h, 40m, If, however, the galactic meridian passing through a star with almost no proper motion, as a Cygni, 
were adopted instead, as has been proposed, the precession of the equinoxes would not affect the galactic co-ordinates 
as it does at present—obviously a great advantage, unless epoch 1900, say, is kept as a permanent zero. If the galactic 
longitude of a Oygni is made 0° (1A. U., 1925), about 51° must be deducted from the galactic longitudes measured from 
the node of the Galaxy on the 1900 Celestial equator. Charts 17, 18 of this Atlas give both Galactic and ordinary co-ordinates. 
FE (4is) * Plaskett, Halley Lecture, 1035, 
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The Milky Way or Galaxy, composed of millions of minute stars, observationally forms a great ring extending 
right round the star sphere, inclined about 61° to the Eeliptic plane, and slit lengthways at one part. It is brightest 
in Cygnus and Aquila (N. Hemisphere), in Scorpius and Sagittarius (8. Hemisphere), and faintest in Monoceros. 

Between Cygnus and Scorpius the Galaxy forms two narrow parallel bands for some 110", then it is very much 
broken up and complex for a considerable distance, but brighter, especially in Sagittarius, where the individual stars. 
in the star clouds are #0 densely packed as to be indistinguishable (not well seen in European latitudes, as they south 
low in mid-summer). In Argo, near Canopus (50°S.), the Milky Way is (visually) completely divided across for a short 
distance, but near Canis Major it again becomes a single, though fainter band, which narrows to about 5° in Taurus, 
and broadens out once more in Perseus and Cassiopeia; its very variable width averages 15", but in places itis 20° or 30”, 

The Coal Sack, a remarkable gap (atarless to the naked eye) in the Milky Way, near the foot of Crux, appears 
like a dark abyss in the surrounding brightness—largely due to contrast, as, in a photograph, the area is much brighter 
than in the non-galactic regions in the vicinity, This gap, similar but smaller gaps in Cygnus and elsewhere, also 
the Great Rift in Argo, are believed to be due to dark nebulw (p. 54), intervening between us and the Galaxy beyond. 

Stellar Photographs taken on ordinary plates, differ in general from what is seen visually, owing to what may conveniently 
be termed colour index effect—iv., stars bluer than AO being photographically brighter, those redder fainter, than they are 
visually (p.12). Such photes show faint B stars bright, and bright M stars faint, making familior visual groups unrecogniaable, 

Photographs of the Milky Way (sectional) are given in #,A., vols, 72, 80; others are in Jie Milchatrasse (Go0s), Hamburg 1021, 
and in Handbuch der Aatrophiait, vol. 5 (2), ie oe 


Double Stars are stars which to the naked eye appear as a single point of light, but when viewed through a 
telescope are found to be composed of two stars—not necessarily physically connected, as they may simply happen to 
be in the same line of sight. Triple Stare have three, quadruple stars four, and multiple stars many components, 
Where one of the stars is of a much smaller magnitude than the other, it is often styled # comes (plural comites) or 
companion, The most interesting ‘doubles,’ £c., are indicated in the Notes appended to each star chart. 

Binary Stars are double stars which are ‘physically connected,’ revolving round a common centre of gravity, 
and not merely chancing to be in the same line of sight. Spectroscopic Binaries are those found to be binary by the 
temporary doubling and displacement of the lines in their spectra, although too close together to be ‘resolved,’ Le., seen 
scparate inthe telescope. Visible binary stars have periods varying from two years to many centuries. If the plane 
of their orbit is in the line of sight from the Earth, they may be seen to approach closer and closer together, and 
at last appear to the eye as a single point for a considerable period, afterwards opening out again. 

Ina binary system, the motion of the companion is direct when the position angle is increasing in degrees, and 
retrograde when decreasing. The smaller star is sometimes said to be in periasfron with the principal star, when 
actually (as distinct from apparently) nearest to it; and in apoastron when furthest from it. 

Star Clusters are small groups of stars, crowded more or less closely together, which in the telescope are 
glorious sights (see Notes, Star Charts). Star Clouds differ in being portions of the Milky Way itself in which the 
stars are 40 closely packed as to appear as a continuous irregular bright cloud: they are most conspicuous in Sagitt- 
atius, in which the centre of the Galactic System seems to be situated, Star clusters, proper, are of two kinds. 

Gloimlar Clusters are globe-shaped, densely-packed masses of stars, thinning out rapidly at the edges of the central 
condensation, then slowly when the distances between individual stars has become considerable; M13 in Hercules 
(N.G.C, 6205) isa typical specimen. Over 100 are known,* few nearer the Galactic Plane than about 10°, and all lie 
in the region between 149° and 41° Galactic longitude, which indicates considerable eccentricity with respect to the Sun. 
They also occupy a place opposite to the majority of the Spiral nebule, being mostly in Ophiuchus and Sagittarius. 

Open Clustere have no central condensation, are more or less irregular in form, are often associated with 
nebulosity, and are most numerous opposite the region in which the Globular clusters predominate. The Presepe in 
Cancer exemplifies one type, somewhat resembling an open Globular cluster; the Pleiades, in Taurus, represents 
another type, an irregular, yet well marked group, the components of which have a common motion. 

Moving Clusters or Star Groups are not clusters in the ordinary sense, but groups of stars which have evidently 
aome intimate relationship, as they are moving with similar velocities towards the same point on the star sphere. 
Proctor termed this phenomenon ‘star-drift,"| The individual stars may be in widely different parts of the star sphere. 
The best known are the Taurus, Perseus, and Ursa Major groups: the latter includes 3, y, 6, ¢, ¢, of Ursa Mujor, and 
the apparenthy unconnected stars 6 Leonis, Sirius, 8 Eridani, 8 Aurige, and a Corone Borealis. 

The Local Cluster, inferred to exist from the study of parallaxes, magnitudes, &c., is believed to be a bun-shaped 
aggregation of stars, like a very open Globular cluster, to which our Sun appears to belong, and in which he is situated 
a little to the north of its central plane, and some distance to one side of its centre, Its central plane is inclined 
10°-15" to the plane of the Galuxy, and its stars are relatively near us, compared with the Milky Way, and compara- 
tively close together, while its diameter is of the order of 1000 parsecs, or 3000 light-years. The majority of the 
brighter B stars seem to belong to this cluster, and according to Shapley its apparent centre is in Carina, 

* See List in M4,, Vol. 76, and #.0.0. 776. 
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Variable Stars are those which wax and wane in brightness; there are many varieties, which afford a useful and 
interesting study for amateur observera, The Amplitude (A, visual, photographic, &e.) is the range of magnitude 
between maximum and minimum. ‘The more important types are given below (Sea Notes on Observing, p. 38, and 
on Nomenclature, p. ix). 

When o variable star is, for the time-being, a morning star, rising shortly before sunrise, its maximum or minimum 
is called a ‘morning’ one. Similarly, ‘spring,’ ‘autumn,’ maxima, é&e,, refer to the time of year at which they occur. 


I, 


I. 


UL. 


VI. 


Nove, or New stars, also called “Temporary Stars, suddenly blaze out where no star of that magnitude has been known 
before, but soon fade away to a-amall fraction of their maximum brightness ; may be visual, telescopic, or photographic, 
and generally identitinble with some previously-known very faint ster. Characteristio spectrum, with maximum 
intensity far in the ultra-violet—aometimes having broad, bright, and dark bands side by side, which soon changes, 
following, on the whole, but with individual peculiarities, the sequence detailed on page 38, and finally becoming 
identical with that of a Wolf-Rayet star (p. 16), (See List of Nova on p Vili, and note on Nomenclature, p, ix). 

It is probably significant that most Nova yet discovered (except those in nebula), are either in, or near, the Milky 
Way, and that they greatly preponderate in one direction, 14 Nove (modern) having appeared from O° to #0" Gulactic 
longitude ; § Novw from #0" to 180"; 4 Nova from 180" to 270°; and 16 Novm from 270° ta 360", Nove appear in 
Spiral nebule, apparently of two types—ondinary Novm, of absolute mag, about =, and Supernome, about — 15. 

Long-Period Variables. Mirid's, Periods, 90-600 daya, averaging 300 days: red stars(Ginnta), of Types M or N, sometimes 
5, K, or BR. Range of variation usually several magnitudes; poriods, and maximum magnitude attained, are ustially 
irregular; rise of magnitude usually much faster than the decrease. Typical star, o Ceti (Mira): sea Notes on Map 6. 

Irregular Variables, Stars of all types from G to N, sometimes associated with nobular matter: no regular period; 
inost vary only a magnitude or two, Many varieties, but five chief divisions :— 

Red stars with slight variations, like « Cephei, Tauri, R Seuti, W Cygni. 


[ 
» AV Tauri Type. Variation averaging 2 magnitudes, Bright and faint maxima somewhat like the Lyrida, Typical stars, RV 


OU Geminorwm Type. Constant minimum for many weeks or months, then a sudden blaxe-up of several magnitudes in 
alternate long and short maxima, with slower full to 4 constant minimum. 


/ & Corona Boreatin Type. Normal for months or years, then decreases many magnitudes, and after an irregular interval 


of similar order to the period of normality, retarns to normal. Rises less quickly than it falls, See Notes, Maps 11-12, 


. Nowa-lihe Sters; quick risea like the Novm. Must notable star, 7 Angis, sec Notes on Maps) and 10, 
- Short Period Variables, with periods mostly less than 50 days—exeluding those of ‘eclipse’ Type. 


Cepheids. Giants with « rather sudden rive of light, followed by a more gradual fall to minimum : periods from a few 
hours to a tnonth or two, but averaging 7 days; range of variation usually Jess than one magnitude; spectrin at 
minimum tay bea whole Type lower than at maximum, Typical star,  Cephoi; see Notes, Mapa 3 and 4. Cepheids 
are of great, importance for finding stellar distances, as those of the same period have the same absolute magnitude, 

CTuater-type Cepheids are those with less than 24-hr. periods, heing found in great numbers in the globular clusters, 

Peendo-Cepheids are stara with spoctri similar to those of Cepheid variables, but which do not vary in brightness, 


. Eclipsing Variables, so called because the decrease in brightness is due to eclipse, at regular intervals, by a companion, 


which may be fainter or dark. The Lyrids are also classed as short-period variables, but are now believed to be eclipse 
Aigotids, A single well-marked minimum, sometimes a slight secondary one. Typical star, Algol (Notes Map 5), [type- 
Antaigol type, A kind of Cepheid like S Anu, with a light-curve opposite ta that of Algolids; name now obsolete, 
iyride. Two oqual maxima, with a stall intervening minimum between them, followed bya large minimum: also called 
dlinsoidet on account of the shape of their components Typical star, 8 Lyre; see Notes on Mapa 13 and 14. 
Secular Variables—stars whioh, in the course of centuries, have imperceptibly faded or increased in brightness, of 
Which there is some-evidence. Thus the Greek legend of the fading away of Sterape, one of the Pleiades, is prohably 
based on an astronomical fact. 38 Librm, and Castor are other supposed examples, 
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Nebula are small, faint, misty, patches of light; only a very few are visible to the naked eye, such og the Great 
Andromeda and Orion Nebule, representative of two different types. They are usually more or less regular in form— 
spirals, spindles, ovals, and spheroids—but some are irregular or indefinite in outline; some are resolvable into 
patches of very faint stars; others are masses of gas of extreme tenuity, estimated as a thousand millionth of 
the density of air. There are various types :— 

I. Galactic, Gaseous, or Green Nebula (belonging to our System), Classes (a) and () of these tend to cluater in the plane of 
the Milky Way—unlike the extra-galactic or ‘White’ Nebulm, chiefly found towards its north pole, There are several 
sub-divisions ; (a) and (4) have bright-line spectra ; but shine not by their own light, but by absorption and re-emission 
of radiation from high-temperature stars within them, 

a Irregular Nebule, Preponderate towards the Milky Way ; irregular or indefinite in form, distinguished telescopically by 
their greenish or bluish coloar; mull redial velocities. Chiefly composed of *nebulium’ (A007, 3727), ie., ionised 
oxygen, Gin, On, with hydrogen and helium; may be connected with earlier stages of star formation, usually but 
not Always, having stars shining in them, evidently intimately connected. The Great Orion Nebula (M42, 8.G.C, 
1976) is of this Type; distance may be about 1900 light years, Much fainter, and shown best by photography, are 
the nebulosities round, or joining, some stars (as in the Pleiades), also obviously connected with the stars, 

b. Planstory Nebule. More or less-circular in form, and so-called because in «a small teleacopo they somewhat resemble 
the faint dise of » planet; only a few havea brighter central condensation, All have a central star of small mass and 
high temperature (White Dwarf) within them—oceasionally not distinguishable—to which the visibility of the 
nebula isdue, Tend to condense towards the Milky Way: related to Wolf-Rayet stars (p38), which have similar 
spectra but smaller masses and velocities; also to Nove, which towards the end of their outhurst first become planetary 
neta, then pass into their final stage, showing spectra identical with those of Wolf-Rayet stars, Moan velocity 
25-3 km. (15-7 milea) per second ; masses up to 150 times the Sun's. 

o. Invisible Nebule or interstellar mutter—unsecen either by eye or camera—non-luminous, fairly evenly-distributed, excess- 
ively tenuous clonds of calcium, hydrogen, and sodium, inferred to exist os the simplest means of accounting for 
stutionary lines of these elements in the spectra of Novi, and of very distant O and B binary stars. The star-light, 
traversing an enormous length of the interstellar matter, suffers another absorption, and as the matter rotates with 
the Galaxy, its absorption lines de not move to and fro as those of the moving components do (see page 21). 

Note.—The temperatures of gaseous nelbulw and of interstellar matter are given as being of the order of 100,000 amd 15,000°K., reapect- 

tively. This means that their atoms are moving with the velocity corresponding to those of a dense gaa at these temperatures. 

IL, Dark Nebula, Supposed to cause the dark gaps, and the great irregularity of width and outline, in the Milky Way, and 

dark patches elsewhere: revealed by photography and star counts, Great irregular clouds of non-Inminous opaque 

matter, most*probably dust, which, being nearer to us than the Galaxy, shut out the light from the celestial objects 

beyond them, Largely in the neighbourhood of the Galaxy; some are probably only a few hundred light-years away, 

Herschel believed these to be‘empty lanes between the stars; his‘ Hole in the Heavens’ is almost certainly No, 86 in 
Barnard’s Catalogue (p. vi). 

Il], Extra-galactic or * White’ Nebula,— Island Universes,' similar to our own Galaxy. Appear about galactic lat, 10°N.&8., 
rapid increase to 30°, slower to 70°, Faint continuous spectra, more or less resembling that of a star; may be composed of 
myriads of faint stars; by far the most numerous type, Probably evenly distributed through space, those in lower galactic 
latitudes being veiled by absorbing matter. 

a. Trreguler Nebula. Irregular outline; the Magellanic Clouds are of this type. 

b. Spiral Netule, mostly found by photography. Outline regular—elliptical, spindle-shaped, spiral, and harred—with a 
definite nucleus, ‘The Spiral Nebule are the most common ; not found in the Milky Way, but tend to cluster abot 
the Gulactic Poles, especially the Northern one ; thickest in the region opposite that in which the Globular clusters 
are most numerous, Distances of the order of millions of light-years; mostly receding from us at high velocities— 
900-40,000 km. {200-25,000 miles) per second—approximately proportional to their distance, about 500-550 km. (200- 
320 miles) per megaparsec, Some seen as ‘spindles’ or ellipses, are obviously spirals viewed edge-on. Spiral nebulm 
frequently occur in groups, the more noteworthy being those in Urea Major, Virgo, Canes Venatici, and Leo. 

The Great Andromeda Nebula (M21, N.G.C.224, visible to the naked eye), is of this type ; the distance is 800,000 light- 
years. Apparently approaching, as the result of the Galactic rotation, but actually receding. 


The Magellanic Clouds or Vubecule Wajor (the Greater Littl: Cloud), and Vuteouls Menor (the Lesser Little 
Cloud) are now recognised as extra-galactic objects—island universes, the nearest neighbours to our System, and 
typical ‘Irregular’ Nebule (extra-galactic). They are invisible from the latitude of Europe and the United States, 
their respective Declinations being 70° and 73°8.; their R.A.s 5h. 30m, and Oh, 50m. 

To the naked eye they appear like detached portions of the Milky Way, from which they are some 30° to 40° distant; 
in the telescope they are seen as a marvellous combination of stars, clusters, and nebulw, The distance of the Large 
Cloud is 112,300 light-years; of the Smaller, 101,300 light-years: diameters, 14,000 and 6500 light-years respectively, 


35 
V. HINTS ON OBSERVING, &c. 

Atmospheric Conditions.—To get the best results, objects should be viewed when they are as far as possible 
above the horizon, t.¢., when near culmination. Satisfactory observations cannot be made of objects at low altitudes, 
owing to the increased intervening thickness of the atmosphere, and the haze and mist which so often obscure the 
horizon, The nights when the sky is darkest, and the stars most brilliant, are not aiways the best for observations, 
Faint and ill-defined objects, such as some nebulw, may, however, often be seen to advantage on such nights. 

During a-slight haze, the air is often very steady, and splendid views of bright objects may then be obtained. 
If the stars twinkle much, it indicates that the air is unsteady and not altogether satisfactury for observation, 

Viewing Faint Objects.—The eye becomes much more sensitive to faint impressions after it has been kept 
in the dark for a considerable time, A slight change of focus is often restful to the tired eye. 

Very faint objects, otherwise invisible, may sometimes be detected by averted vision: the eye is directed to 
another part of the field, while the attention is fixed on the spot where the object is supposed to be, 

Making Notes: Consulting Charts, &e.—A bull’s-eye lantern with a slide to shut off the light is of great use. 
A cycle lamp may be utilised by the occasional observer. A photographic red lamp is even better, as it does not affect 
the sensitiveness of the eye. It may be placed on a support at some distance from the observer, and so directed as 
to throw a faint light on the book or card, when notes or sketches are being made at the telescope, A strong light 
snould be avoided, as it makes the eye less sensitive for observation, 

A small table to hold the maps and other books, with o lantern having a shade to throw the light downwards, 
lest the direct raya of light should reach the eye, is almost a necessity; a special shelf may be fixed up in an out-house, 

All observations should be written down at the time, when they are made. The notes should be clearly worded, 
and should have entered on them the year, month, day, hour, and minute of the observation, together with the aperture 
and power of the telescope, and the state of the air, In Earthshine observations, the temperature, barometer reading, 
and direction of the wind should also be noted, as meteorological conditions have some influence on the brightness, 

Direction in an Inverting Telescope.—In the inverted view of an object, as seen in astronomical telescopes 
(except ‘Gregorians’), to observers in the Northern Hemisphere the upper part of the field of view is south, while 
the lower part is north ; east ia on the right hand of the object, and west on its left side. 

To obaervers south of the Equator the reverse is the case; the upper part of the field is north, and the lower 
south; east ison the left hand of the object: west, on its right, 

For cireumpolar stars, however (ic. those a less number of degrees from the Pole than the observer), the rule does 
not hold, as the observer is facing the other way, and objecta on opposite sides of the Pole are movingin opposite directions. 

North Preceding, &c.—To get over these difficulties in deserihing how to find a celestial object in the Geld of 
view, the phrases ‘North (or South) preceding,’ ‘North (or South) following,’ a certain star, are commonly used. Vorth 
(or South) indicates that the object is nearer the North (or South) celestial pole than the star referred to; Preceding that 
ite Right Ascension is /ese than that of the reference star, and Following, that its R.A, is greater, thus indicating the 





Between cleing and culmination. Southing or culminating. Between culmination and setting. 
(dnighedeprding on latitude af oheerder dnd destination af alae) (Upright). (Angirdsepending on lotitoods af olacrver ded declination af aba), 
tp.=Burth preceding. af,=North fallowlng. wp.—Houth preceding. «f-—Hunth following, F=West, F=Baab. 


direetion in which to find the required object. The annexed diagram indicates how the hour-cirele—which coincides 
with the line SN in the diagram—lies with respect to the horizon m an inverting telescope, when in different 
positions, and how a Position angle (P.A.) will in consequence occupy varying positions in the field of view. 

In the diagram, the arrow denotes the apparent path of a star with reference to the horizon, as it croasea the 
field of view of a fixed inverting telescope in the N. Hemisphere, This path will be horizontal only when the object 
is on the meridian, but the relative positions remain unchanged, In the 8, Hemisphere, hold the book upside down. 
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Observing the Sun,—lIt is extremely dangerous to attempt to view the Sun unless proper precautions are taken: 
blindness may be the penalty of rashness or ignorance, A perfectly safe method is to support a smooth, white card, 
at the distance of about a foot from the eye-piece, and to focus the image of the Sun projected on it. The sereen 
should be held in a covered frame-work or box, and the picture of the Sun viewed through a hole in one of the sides. 
ff, on the other hand, the Sun is viewed directly through a dark-glass cap, a larger aperture than 2 inches cannot 
safely be used in the heat of summer. A stop made of a card, with a circular hole of 2 inches or leas in diameter, 
should be fitted over the object glass of » larger instrument, to reduce the amount of light and heat transmitted: this, 
however, tends to reduce the sharpness of the definition. A special solar eye-piece can be obtained which enables full 
apertures to be used with safety. : 

Observing Prominences, by the spectroscope. The edge of the Sun's image should be made to fall on the 
nearly-closed slit of the spectroseope—which must be one of considerable dispersive power, The telescope should then 
be driven (preferably by clockwork) so os to keep the image in the same position, The spectroscope is next focussed 
on one of the hydrogen lines of the spectrum, and, on the slit being opened, the prominence ‘will be seen. Good 
views may be obtained in this way, using a 3-inch telescope with a spectroscope having several prisma. 

Observing Sunspots.—In studying their motion across the disc from east to west (nee note, p. 35, a8 to direction 
in inverting telescopes), the position angle (p.5) of the Sun's axis requires to be taken into consideration, as the 
apparent path varies according to the time of the year, The spots only move in straight lines across the dise about 
June Sand December 7, on which dates alone the solar equator is seen as a straight line on the disc, dividing it into 
two hemispheres, with the poles exactly on the limb. At all other times, ene pole alone is visible—very near the 
limb owing to foreshortening—-and the solar equator lies on ons side or other of the apparent centre of the disc, and is 
curved downwards or upwards, as are also the paths of the spots: maximum curvature northwards, about March 7; 
southwards, about Sept, 8. Sunspota take about a fortnight to traverse the dise from limb to limb,* and will reappear 
after the aame interval if they survive. Naked-oye spota have a diameter not less than about 1/60th of the disc ( wale 

The variation of the poattion angle of the Sun's axis during the year (for the Worth pole) ia about as follows :— 
Jan, 5, July 7, 0° Feb. 23, May 19, 20° W.|) July 7, Jan. 5, 0° Aug. 28, Nov, 20, 20° E. 

» 16, June 26, O° W.| Mar, 7, May 8 23° W.] ,, 19, Deo, 26, 5" E,) Sept. 8, Nov. 9, 20° E, 
Pe a7, » 15, 10°W.| ,, 18 Apr 26, 25° W. 30 16, 10°.) 4, 21, Oct. 50, 20° E, 
Feb, ’ June 6, 14° W.| April 8, ve «| 26°42" W.|] Aug. 13, Dec, 7, 14° E.| Oct. LL ws 26°423'E 
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The distance of the Sun's vlible pole from the li os oecemarily teen edaggerated in the diagram, MM, 8, indicate the neo the hour rine 
Nahowing Xerth in an inverting telessopo—neaneed the betsy in the 3, Hemiaphers, In the §. Heniiephere, hidd the book qpaide down, 


Near the times of the greatest inclination of the axis to the hour-circle, spols just appearing on the limb in the 
high spot-latitude of 45°, are, by the inexperienced, apt to be taken a being near the poles. 

The number of degrees the solar equator is below or above the centre of the disc on various dates, is given in the 
Nautical Almanac, column P,, ‘ Heliographic Latitude of the Earth,’ + indicating that the spot-path is curved south- 
wards, and — that it is curved northwards. The longitude of the spot on the surface can be found when it arrives 
half-way across the dise, from the column [,, ‘ Heliographic longitude of the centre of the dise,’ 

Observing the Moon.—With a low power, and a fair-sized telescope, the glare of the Moon is very trying to 
the eye, and a tinted glass, mounted in the same way ss the dark glass of the solar eye-piece cap, may be used. 
Reducing the aperture affects the sharpness of the definition, When the Moon is in perigee, the brightness is appreciably 
greater than when she is in apogee, the ratio being nearly as 4is to 3. Best-seen conditions of each phase, see p, 47. 

Observing Lunar Eclipses.—Mid-winter eclipses have the best altitude conditions, mid-summer ones the least 
favourable, for the reason given p. 47, First contact is always on the E, side of the dise, and through the telescope the 
Earth's shadow may be seen sweeping slowly across it, but the edge is not sharply defined. It should be noticed that 
from first to last, the ' preceding’ edge of the umbra is always uniformly convex, unlike the dark terminator of the 
young Moon, which, though convex at first, daily grows less convex, till, at First Quarter, it is straight, and 
finally becomes increasingly concave, Similarly, the ‘following’ edge of the umbra is alsoalwaysconvex. Phenomena 
that may be noted are the visibility or otherwise of the rays, and of prominent craters, &e,, such as Aristarchus and 
Copernicus; also the variations of colour as the eclipse progresses, on different parts of the disc. 


* Stenyhuret diss, for measuring the positions of tah gi and faouim by projection, can be obtained from Messrs: Casella & Co, 
ScientiBc Instrument makers, London. For the method of using them see ' Memoirs of the Brit. Aetr, Assn., Vol. XXIIL, Part 1. 
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NOTES ON OBSERVING. a7 
Observing the Superior Planets.—In temperate latitudes, summer observations of these planets are always 
conducted under unfavourable conditions as to altitude; in winter, the altitude conditions are the most favourable, 
This resulta from the planets being always near the Ecliptic, #0 that their highest altitude above the observer's 
horizon at calmination isimuch the same as that of the Ecliptic where it cuts his meridian. At mid-summer, mid~ 
night culmination is at ite lowest, and in mid-winter at its highest, Thus observers in the Northern hemisphere, out- 
side the tropics, are better situated for observing the oppositions between October and March, than those in the 
Southern hemisphere, while observers in the latter are better placed for seeing oppositions between April and September. 
A curious effect of the two-year synodio period of Mars is, that for some eighteen months or so in succession, he 
is visible at some time or other avery night, then becomes lost in twilight and daylight for some four or six months. 
The angular diameter, or semi-dinmeter, of a planet's disc on any date, will be found in almanacs: the diagram 
indicates, on a uniform scale, the range of changes, and relative sizes, of the dises, and the favoursbleness, or otherwise, 
of the size of the disc can easily be inferred by reference to the mean diameter. 








Saturn. Mine Meawi8° Mag,ci". Uranus 3°. Mars. Min dj Mean. 15" Mann. opp. 10° Max". duplter, Mind" Mesn.t0" how of". 

Observing Mercury and Venus.—The most favourable seasona of the year are indicated on page 25. For 
Mercury, Southern observers have the best conditions, as his maximum elongation occurs when he isin 8. Declination. 

Observing Occultations.—Beginners will probably be rather puzzled to know the direction in which the Moon 
will approach the star, owing to the varying position of the Moon's axis with respect to the horizon: the direction, 
however, is approximately at right angles to the line joining the cusps, or horns of the Moon. 

The Moon's mean hourly motion being fully $°, the rate of approach is about a quarter of the Moon's diameter in 
14 minutes, or the apparent diameter of Hipparchus in about 2} minutes, or of Copernicus in about 1} minutes. The 
time, however, is moditied by the latitude of the observer, «eo. 

Observing the Zodiacal Light.—As the axis of the Light approximately coincides with the Ecliptic, the most 
favourable conditions in temperate latitudes are when the Ecliptic 1s most nearly vertical to the horizon soon after 
sunset, or before sunrise, which in the evening is before the Spring equinox, and in the morning after the Autumnal 
equinox, of each hemisphere, The nearest approach to verticality is always when 6 bra. R.A. is on the meridian (N, 
Hemisphere), or 18 hra., (5. Hemisphere); at that instant, too, both the direction of the lowest portion of the Light, 
also the verticality, are most easily found, an the Ecliptic then intersects the horizon exactly due west and due east,* 
and its angle with the horizon is equal to the co-latitude of the observer plus 23)". 

The Zodiacal Light proper cannot be longer above the horizon than six hours after sunset, or before sunrise, as 
‘te extension from the Sun is reckoned as about 90°, but of course it will only be distinguishable for a much shorter 
period, twilight preventing observation for perhaps an hour after sunset, in the higher temperate latitudes; and the 
haze of the horizon obscuring its faint extremity for long before setting. For brightness, compare with Milky Way. 

The Table below gives the approximate dates and hours when the Ecliptic is most nearly vertical during the short 
observing season. The dates at the top are for the N, Hemisphere; those at the foot (in italic) for the 5. Hemisphere. 
The position of the foot of the Light on the horizon for three or four hours after (or before) the hours mentioned! 
ix easily found, as ite movement in azimuth westwards, may be taken as about 6" per hour, over that period ; 
similarly, the decrease per hour in inclination after (or before) crentest verticality is, roughly, 2°. 

Fob, ® Febl2 Feb20 Feb? Mar7 Mar.l4 Mar.2a || Sept22 Sopt29 Och7 Ovtld Oct? Oct.30 Nov.7 
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Observing the Milky Way.—The Milky Way circles: round the Celestial poles once each sidereal day, its 
central Hine passing within 27° of the N. pols, in the W of Cassiopeia, and within 27° of the 5. pole, near a Crucis. 

In the N. homisphere, in the latitude of Britain and the U.S.A, 1t passes through or near the zenith during the hours 
when B.A. 22 hrs, to4 hes. are on the meridian; thereafter it approaches the horizon, till, when R.A. 13 hrs. is on the 
meridian—and for some time before and after—it lies.so close along the N. horizon for most of ita visible length that it 
is hardly observable, after which its altitude begins to increase again, The Cassiopeia-Argo section is visible to its 
maximum extent when R.A. 8 hrs, is on the meridian, and the Cassiopeia-Scorpius section when R.A. 16h. is on the 
meridian, but the portions near the horizon are not well seen, For favourable observing times, consult Table p, xvi. 

In the 8. hemisphere, in the laticude of Cape Colony and Southern Australia, the corresponding phases are:—over- 
head, B.A. 10hrs. to 16hrs. on the meridian; on the horizen, B.A. 1hr. on the meridian, The Crux-Cygnus and Crux- 
Perseus sections are visible to their maximum extent when R.A. 4}hrs. and R.A, 4hra., respectively, are on the meridian, 

a * ‘The compass-dircetion requires correction for the magnetic variation; see l-inch Govertiment Maps. 
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Observing Variable Stars —The ‘variable’ is compared with neighhouring stars of similar brightness 
and of known magnitude, Two comparison stars are found, one rather brighter than the variable, the other slightly 
fainter; the magnitude of the variable will be between those of the comparison stars, and the nearer their magnitudes, 
the more accurate the result, Exeept for rough estimates, a catalogue of magnitudes is required, or a special star chart, 
such os those for Nove and interesting variables given from time to time in the British Astron. Association Journal, 
or ‘sequences,’ i¢., lists of standard stars, arranged in order of magnitude for this purpose, 

The dates of maximaand minima are recorded by the Julian Day (J.D.)*—which begins at noon, not midnight, 
(p.8)—and decimals of a day, but observations cannot always be made, as the date may fall when the star is near the 
Sun, or during moonlight. The annual B.A.A. Handbook gives useful ohaerving information, dates of maxima, &e, 

Tt ig important, where possible, (@) to observe the star when at ite highest altitude; (6) that the comparison stars 
be about the same altitude, so that atmospheric absorption (see below) will equally affect their magnitudes ; (ec) that 
they be aa nearly ax possible similar in colour to the variable, aa it is very difficult to estimate correctly the real 
relative brightness of two stars differing widely in colour, as, for instance, in the case of Betelgeuse and Rigel. For 
a curious optical phenomenon—known as the Purkinje Kjset—comes into play, namely, that if red and green 
lights, appearing equally bright, are increased or decrensed in the same ratio, in neither ease will they now appear of 
equal brightness; the red will seem the brighter when the light is increased, but the green when the light is decreased. 

Estimating Magnitudes: Atmospheric Absorption. —For accurate valuation of the magnitudes of bright 
variable stars, if the comparison stars are not about the same altitude, allowance must be made for the difference, as 
atmospheric absorption diminishes the brightness (apart from haze) by approximately the following magnitudes:— 











Zenith distaner, 47° | 58" | 64 | GS | 71" | 73" | 75" | 77 | 7H" | Bor | Ba" | Ba" | es" | Bor 
No. of mags. diminished. | Poth | yothe | goths | jt 4% ths | the | Soche | y’ythe | Sethe | mag.) Lym. | 2m. | 24m. | $m. 
Altitude above horizon, | 43" | 32° | 26° | 321 | 19" | 27 | 1b") 28" | 1°) Se 6° 4° a 1" 








Comet Seeking. —I[n searching for comets, a telescope of fairly large aperture and of short focal length, with an 
eye-piece of low power having a large fleld of view, should be used. The observer should slowly ‘sweep’ (i.¢., move 
the telescope in a horizontal direction) for some distance, a careful watch being kept all the time. At the end of 
the sweep the telescope is alightly raised or lowered, and an overlapping sweep is taken in the opposite direction. 
This process is repeated continuously, Should a nebulouslooking object he noticed, the comet-hunter must look in 
his catalogue of nebule to see if the object ean be identified, If not, he should draw a careful sketch of its position 
among the neighbouring stara. If in the course of time any movement ean be detected, and the place of the sus- 
pected object does not agree with that of any known comet, ita position should be determined as accurately ag means 
will allow, and a telegram giving particulars should be sent to Greenwich (or the corresponding) Observatory, 

Observing Transits.—There are four contacts: external contact, at ingress and egress, Le., entering or leaving 
the Sun's or planet's imb; and interna/, when entering completely on or beginning to depart from, the dise. 

The Black Drop, seen at internal contact when Venus (sometimes Mercury) is just touching the Sun's limb, isa 
curious drawing-out of the planet's black disc to the Sun's limb, in a broad band or ligature, which gives it the appear- 
ance of a drop of black ink hanging internally from the Sun's limb, In a few seconds the band contracts, then breaks: 
this renders the instant of internal contact uncertain. A very narrow brilliant circle of light is sometimes seen sur- 
rounding Venus near first and last contacts; it is probably due to sunlight refracted by her atmosphere, 

Observing Nebula.—These faint objects lose least light by atmospheric absorption when near the xenith, hence 
those showing a preference for the Gulactie plane are most favourably situated when the Milky Way is nearly overhead, 
but those showing a preference for the Galactic poles, when the Milky Way liea near the horizon, Suitable times for 
observation can be found by the notes on p32, along with the Tuble of Sidereal Time on p.xvi in the Appendix 

Observing Earthshine,—The degree of visibility of the outlines of the Maria, and of Aristarchus, Copernicus, 
and other prominent eraters, affords a good index of the state of the atmosphere, ‘The thermometer and barometer read- 
ings, and direction of the wind should be noted, as meteorological conditions have some influence on the brightness, 

Observing Nove.—The following changes generally oceur in the spectra and colour: there may be considerable 
variations from the normal, some stages missing, and individual peculiarities. I.A.U. Notation (1922, 1928) below. 


L. Continuous spectrum : si +e White ) 5, Hydrogen lines brighten up: Red | 8 Star now a planetary nebula, 
= Hydrogen lines double: bright &dark lines: ,, | . Hydrogen lines fade: ... Orange | 9, Nebula lines fade: spectrum 
3. Lines widen: continuous apectrum fades, 7. Nebula lines more prominent now faintly continues, 
4. Nebula lines appear : is « Yellow | than hydrogen ones, ... Bluish bright Wolf-Rayet tunds, 


Qa; absorption lines and bright bands (faint), Qb; stronger absorp, lines (mainky enhanced metallic, many double) and bright 
hands, Qe; absorption metallic lines of GY, Ae, enluanced metullie lines predominating, Qd: a8 Qe, but gaseous lines predom- 
inating. Qu; broad nobulows emission bands near \d480, 4515,4640, Qs; brieht bands (enhanced 0, V, He); ubsorption lines faint. 
Qy; as Qs, bright nebular bands, Qz; bright nebular and weak Wolf-Rayet bands, Q2-06; a5 Qe, Wolf-Bayet bands strong, 

Combination spoctra indicated by cubining the small letters, placing the most prominent first, 


* Sometimes J,A.D.—Julian Astronomical Day. 
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Observing Meteors.—Showers from radiants within or near the circle of the ‘always-seen" stars of any locality 
are olservalile all night, more or less, but the observing interval shortens as the distance from that circle increases, 
until, for the more remote, should the eulminntion-hour be many hours after midnight, the shower is never observable 
from that latitude except for a few hours before sunrise, Thus the November Leonid shower ia only a morning one 
as the radiant culminates about 6a,m,, and only rises about midnight, Some meteors from a radiant just below 
the horizon mey be visible, however, The possible observing-hours can be found from the star Table on page xvi. 

The following are the important potnts to note:—Date; Greenwich Mean Time (G.M.T., UT.) of appearance ; 
B.A. and Dee, of beginning and end of flight, and duration in seconds; colour and stellar magnitude, stating comparison 
star; path, if straight or wavy; streak or train, if any, and the colour, duration, direction and speed of drift; 
any other notes. <A streak is the faint, phosphorescent. narrow band, sometimes coloured, which endures for a 
time along the path of some meteors: a train, a spark-like and usually quickly-disappenring appendage, ‘The R.A. 
should be stated in degrees (see conversion Table below), and the observation communicated to the Director, Meteor 
Section of the British Astronomical Association, London, or to the American Meteor Society. Cambridge, Mass, 

For counting seconds, the well-known photographie rule ‘One, two, three, oe; one, two, three, Two; &e.’, pro- 
nounced rapidly but distinetly, gives very near resulis. 

List of Important Showers, —The Radiant position may change « degree or two on successive days, and a 
look-out should te kept before and after the dates given, as leap year adjustments cause small variations. For 
a Radiant on every night of the year, see BLALA, Handbook, 1922; and list of 1000 radianta, Mem. RAS, vol. 53, 

The column headed ‘Cul.’ gives the Radiant's approximate hour of culmination on the central date, ‘a’ denoting a.m,; ‘p’ pam. 











Date. Stowe: (Cala, oo Speed, de; Date. Shower, Cul! Speed. &e, 
Jan, 2-3 | Quadrantigs | 53/215 | 53's | Medium, || Ang. 10-19) Perselaat © | “Agel 3 0 | stow |v, awilt, 

» (7 | #Uygnids 12) 295° 40 | 63" || slow, trained. || ,,12-Oota| * Aurigids 6 | 74° 456 | 42°» | v. ewilt, atrenka, 
Fel, 6-10) ¢Aurigids 8) 75" 5 0 | 41° | v.sl.,fireballs, || Aug.-Sept.| Lacertids 12F) 39° 9 ¢/ 49° ~ | medium, short. 
Mar.10-12| ¢ Boutids 3) g18° 14 ar| 12°» || -swiftstreaka, . 1a) | #Cygnids 107 aay 19 @ | Ga" » bright, 
Apl, 4-22) Lyrids * | O71" 18 4) 33° 5 ido a 21-23) @ Draconide 9° | 991° 19 24 | G0" x | v.slow: max. 1871, 
May & YAquarids 7) 334° 2!) 2° q | v. swilt?, » S31) FE. a 7 | 6a" 37 92) 68" || slowish, bright. 

» 11-24) f Hereulids 16} 247° 16 8 | 29's | swift, white, || Sept, T-15| ¢Perseids 5*) @ 1° 4 4) 35° x | swift, strenks. 

» 30 7 Pogasida © | 939° 22 2 | 977 | vy. aw., streaks |] Oct 2 Quadrantidea 3°) gay 15 20 | 42" x | slow, In 1877. 
June 2-17) aScorpids 14?) 253" 1-62) 22" s | vislfireballa || ,, 12-23| © Arietids 18) 49” 9 45 | 22°» | y. slow, fireballs. 

» 27-30) ¢ Draconids 9? | 928° 15 12 | 57° nm] vy. alow4. » 18-20) Orionide |) ga* @ §| 15° | awit, streaks. 

» “Sept| y do $) 260" 17 Bi) 48°) slow, trained. || ,,d0-Nv.17) ¢Tuurids 1") @4° 4 16 | 22" 8 } slow, fireball 
July 18-20 | «Cap'cornidsta | 3o4" 2912/12 s| vial, bright® || Nov. 216/¢ »  12"| 55° 949 13°y |v, slow, bright. 

v “Aug | a@Cygnids 18) 315" 21 0/48 x! sw, lastlong. |] ,, 13-15 Leonidet © | 150° 10 0 | 98" yx | y, ewilt: period 
» 25m. 4] o-f§ Porseids:T) 48° 312) 43 ~ | view. streaks » 17-27 Amdromodida 10?) 25° 1 49) 43° 8 | y, slow", [Stivers 

» 25-00) SAquarids 2) $39°=02 39) 11 6 | sllong paths. || Dec, 10-12, Geminids 2 | 112°~ 7 5 | 33° | med'm, white, rich 


Notes. 'The Perseids are visible during July and Aug, (a rich display, max. Aug. 10-19): the radiant moves from about 
2° +41° to 68" +61" (Androm. toCamelop,). #The Leonids, or November meteors, are seen at their best about avery 43 yours: 
plentiful in 1799, 1833, and 1866, but the 1900 display was not brilliant owing to the disturbance of their orbit hy Jupiter. 

‘Long paths, before sunrise; Halley's comet. *Pons-Winnecke's comet, “Comet 1881 V. ° Biela’s comet. 
R.A. Hours & Minutes converted into Degrees, or vice versa; 1min =}. (Reads continuously across page). 
tn/Om. 4m. 8m. 10m. 12m 15m. 16m. 20m. 24m. 28m) 2, '80m.32m. 36m. 40m.44m. 44m. 48m.50m. 52m. 56m. 


















®* List of §, Hemisphere Radiants, sce M.V., vol. 95, p. 708, 1936, 





>| ere, 
O) | 1°) 3° 20°) By) ag) 4°) ot) Bt) 7] ge) apt) Bt) ot) ro) ane nage] is 13°) 14"| 0 
2} 18") 0@ ] TF) eh) 1B] 169) 19 | OG | Bt | BB) 1 | 22k) 23 | 84 | 25 | 86 | Beh) BF 8) 20) 1 
2| 30 | 31 | 32 | 92) 33 | 33] 34 | a5 | aa | 37 | 2 | a7}) 38 | Bo | 40 | 41 | 4n}| a2 43 | 44 | 2 
3| 45 | 46 | 47 | 474] 49 | 4897! 49 | 50 | 5) | 52 | 3) | 58h) a9 | 54 | 65 | BG | Bet) OF nm | 59 | 3 
4| 60 | 61 | G2 | G24! 63 G34) @4 | oe | Go| e7 | 4 | 673) 68 | 69) 70 | 7 71} 72 73 | 74 | 4 
5) 75 | 76 | 77 | 77h| 78 | zal] 79 | 80 | 81 | 82 | 5 | sz) 8a | 84 | 8B | 86 | 864) 87 ee | 89 5 
6) 90 | 91 | 92 | 02h) 93 | O3j| 4 | 95 | 96 | OF | G | O7h| G8 | 99 | 100) 101 |101}) 102 103 | 104 6 
T| 106 | 106) 107 |107)) 108 108}| 109 | 10 | 14a | a) 7 Ua} 13 114 | 115 | 116 |116}) 117 118 | 119) 7 
8} 120 | 121 | 122 |122)) 123 |1294| 124 | 125 | 196 | 127 | 8 |1a74) 128 | 128 | 120 | 131 | 131} | 132 133 | 144 | 8 
9) 135 | 136) 137 |197)) 198 |138f] 139) 140 | 141 | 142 | 9 14h | 14a | 14a | 148.| 146 | 146] | 147 148 | 149 9 
10} 150 | 151 | 152 |152h) 153 | 1539| 184 | 166) 196 | 167 | 10 | 1574/1258 | 159 | 160| 161 | 161) | 162 183 | 164 10 
11! 165 | 166) 167 | 1674) 168 | 1487! 169 | 170) 171 | 172] 11) 17ah) 173 | 174 | 175 | 176 | 176} | 177 178 | 179 11 
12) 180 | 181 | 182 /182)) 183 |isaj) 184 ) 185 | 186 | 187 | 12 |1574/ 188 | 180 | 190 | 191 | 191} | 192 193 | 194 12 
13) 195 | 196 | 197 | 197}| 198 | 198) 199 | 200 | 2o1 | 202 | 13 | g02)| 203 | 204 | 205-| 2OR BOR}| 207 | 207k) B08 | 200 13 
14] 210 | 211 | 212 |212)| 213 2139 214 | 215 | 216 | 217 || 14 | 917) | 218 | 919 | 220 | 21 |B21}) 928 |eee%) 223 | 224 14 
15) 225 | 220 | 327 227) 228 228] 229 | 30 | 281 | 292 | 1 | 252) 288 | 234 | 235 | 290 237 oa8 | 230 15 
16) 240 241 | 242 242b 243 | 24a} 244 | 245 | 246 | 247 | 16 247 248 | 249 | 260 | 251 | 2514 | 258 259 | 254 16 
17) 255 256) 57 |257)) 258 |358}| e59 | 260 | 261 | 262 17 |geeh| 203 | ea4 | 265.) 266 260] | 26 28 | 260 17 
18] 270 | 271 | 272 jared) 873 /a7ay) B74 | 275 | 276 | B77 | 18 |277h) 278 | e7o | B80 | 281 |281]| 282 | 282} 283 | Bh4 18 
19/ 285 | 286 | 257 |287}) 988 |288}/ 989 | 290 | el | 203 | 19 aoa 208 | a4 | 205 | 206 |200}) 297 208 elle 
‘ 302 }302)| 303 |303}| 204 | 305 | 308 | 307 | 20 [907] | 308 | 309 | 310 | 311 |a11}| 312 13 | 814 |9 
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40 NOTES ON OBSERVING. 


Observing Aurora (see also p. 30).—Those in favourable latitudes should watch during the more active portion 
of the sunspot period, or when there is considerable solar activity, especially near the equinoxes, 

Aves und Bande stretch across the sky, and may have cunsiderable persistence ; the latter appenr like portions 
of arcs: Raye or streamers seem to flicker, and are more or less radial to the band or are; Beane are long bright 
raya, of exquisite green or red, like snarch-lighta, Curtains have curious conyolutions, and are more or less parallel 
to the horizon, the lower edge boing most continuous, Poateles are isolated oval or globular areas resembling faine but 
quite transparent clouds; Dijfuse Aurore are large areas, often coloured, with no definite outline. Corona, rare, but 
exceedingly fine, are large starfish-shaped ovals, with dark centre, from which bright narrow flickering bands may ex- 
tend to the horizon. The Dark Segment is the gloomy portion of the sky beneath the arch or streamers, in which the 
stars may be hardly or not at all visible, Various types may be seen during a display. 

In N, temperate latitudes, the centre of disturbance is in a northerly direetion—not necessarily in the direction 
of the magnetic pole, as is often supposed; a patch, are, or corona may be overhead, or even south of it, Rays often 
appear to flash or flicker, and in ares and bands a flickering from side to side is sometimes seen—not always in the same 
direetion—and portions may suddenly brighten up and become centres from which the disturbances appear to travel. 

The chief points to notice ara the type, colour, brightness as compared with the Milley Way, height of lower edge 
above the horizon, and width; direction of the centre of the diaxturhance (allow for ‘magnetic variation’ of the compass), 
and times of the various phases. Also note the barometer and thermometer readings, and direction and force of the wind, 

The angular breadth and length of porsistent arcs, bands, and patches, should be carefully gauged by reference 
to the distance between neighbouring stars: also the angular distance, from well-known stars, of the upper and lower 
edges, ‘The notes should be repeated at intervale, the times leing carefully noted, as the height and distance of the 
aurora might be caleulated from simultaneous observations (send notes to the BLA.A., Aurore Section, London), 


VI. THE CARE AND USE OF THE TELESCOPE. 
Astronomical Telescopes ore of two kinils—refracting and reflecting. Both varieties are rated according to their 
‘aperture,’ as the clewr dinmeter of the large lens in refracting telescopes, or of the mirror in reflecting teleseopis, ix called. 

The larger the aperture, the more powerful the teleseope in ‘light-gathering’ power, Le., in rendering visible faint 
objects; and, a4 this power (theoretically) increases in proportion to the square of the diameter, a telescope of s} inches 
aperture is twice as powerful as one of 2 inches, while a 4-inch haa nearly twice the power of a 3-inch, or four times 
that of a inch (netual ratios, 4, 9,16). In refractors, however, the theoretical power falls off rapidly with increasing 
diameter, the ever-thickening object-glass absorbing more and more light, though reflectora under 10 ins. are nob quite 
ao powerful as refractors of equal size. For astronomical purposes, a $-inch telescope is about the smallest that can be 
used with satisfaction, though pleasing views of many objecta may be obtained with amaller telescopes of good quality. 

Diam. Object Glass (clear aperture) Lin. din, Qin, Qhin, Sin. Shin. din, 44in, Sin, Gin. Bin. Win, Bin, 

Cloacat star divided (approx. ) ae" 304" 298" pau’ oe? ae bia" Por OO1" O76" OST" Cag" Ose” 

Faintert star sioen ( , Jmagd0 99 105 110 Tim WT 120 123 125 129 195 MO l44 

THE REFRACTOR essentially consists of two convex lense4—(i) a large one of considerable focal length, known 
as the ofject glass, which forms at ite focus an image of the distant star or other abjeat, and (ii) a small lens of much 
ghorter focal length: this ia called the eye-piece, and is used to magnify the image formed by the object glass, 

The Object Glass is the most important part of the refractor, as its excellence depends on the accuracy of the 
curves of the lenses, the highness of their polish, and their transparency. Ih all astronomical telescopes worthy of 
the name, the object glass is ‘achromutic’; that is to-aay, 1b is composed of two (sometimes three) lonses of equal size, 
but made of glasses of different density. These are so proportioned as to form an image almost free from the false 
colours which are inevitably present when a bright object is viewed through an object glass cousiating of a single lens. 
A good object glass requires to be treated with the most serupulous care. Follow carefully the notes on p, 45. 


THE REFLECTOR.—In this form of telescope a large, concave, paraboliccarved mirror takes the place of the 
object glase of the refractor. The large mirror is held in a cell at the lower end of the large tube. The raya of light 
from the object pass down the tube and are reflected back, The reflected, convergent rays are intercepted— 

(1) In the ‘Newtonian’ form of telescope, either by n small, elliptieal, plane mirror (‘flat’), or by a right-angled 

totally-reflecting prism, which reflects them at right angles through the side of the telescope to the eye-piece. 

(2) In the 'Cassegrainian’ form, by a small convex mirror, which refleets them back again, through « hole in the 

centre of the large mirror to the eyepiece; or (3) in the ‘Gregorian’ form, by a-small concave mirror, 

The Newtonian and Cassegrainian forms, like refractors, give an inverted image; the Gregorian, an erect image, 
The Cassegrainian form gives n greater focal length and larger image than Newtonians of the same aperture and length, 
but its field of view is smaller and the image fainter. Great telescopes ard sometimes designed to use both forms, 

Mirrors are usually made of glass, on which « film of ailver is depasited chemically ; this is very easily tarnished (p,45), and 
vaporised aluminium is now often naed, which ts about aa efficiont as fresh silver, lasts years with little deterioration, and reflects 
the ultra-violet raya and blue end of the spectrum better—of grent ailvantage photographically—but the red and infra-red rays 
lesa efficiently, Stainless steel mirrors last well, but only give 65% efficienoy, compared with the 10% average of fresh silver, 

An unsilvered glaas mirror and ‘flat’—which reduce the sunlight and heat reflected by some $0 —enable solar observations 
te be made with fairly large apertures, giving improved definition ; a dark gliss or solar eyepiece, however, is still necessary, 
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Eye-pieces.—These are used to magnify the image formed by the object-glass or the large mirror. For very high 
powers, and in special caves, a single lens is sometimes used to minimise loss of light, but generally an eye-piece 
consists of two lenses—a Field Jens, furthest from the eye; and an Eye lena, nearest the eye. These are mounted in 
a short tube which screws or, preferably, slips into the fooussing-tube of the telescope. 

Positive and Negative Eye-pieces.—Eye-pieces are of two types:—(a) Postteee, in whieh the image-plane is 
outside the eye-picce—between it wnd the object-glass or mirror—so that it can he used with a micrometer, (6) Wegative, 
which cannot be employed with a micromoter, as the image-plane lies inside the eye-picee. 

Inverted Image,—All astronomical eye-pieces show the object inverted (unless used with Gregorinns), but this 
ia of no disadvantage in practice, To make the object appear right way up requires additional lenses, or prisms, which 
absorb light, making the image fainter with no compensating gain. Among many varieties of eye-pleces are the:— 

Huygenian eyo-piece (negutive)—The most common form, two plano-convex lenses having their flat eurfheos towards the 

eve, Note that, though negative, fine cross-wires can be inserted on its diaphragm, at the foeus of the eye lens, for use in 
a “finder” (p42), or for “guiding in celestial photography—using cement, or threading throngh amall holes. 

Ramsden eye-piree (positive)—Two plano-convex lenses with their plane fhees outward, Field of view “flatter” than that 

of the Huygenian, te,, not so blurred round the edges when the centre is sharply foouaee, Performs well on planets. 

Tolles Solid Ocular (negative) is practically n Huygenian eye-piece made out of & single glass cylinder, the foct of its 

curved ends falling inside it. Transits more light than the Huygenian, and gives very good definition when well made, 

Orthascopic eve-piece (positive) contains a triple field lens and a simple eye lens, It yields a flat field free from distortion, 

and is-specially recommended for medium and high powers, ( Orthoscopic’ means giving a correct image, } 

Kellner eve-picce (positive). A convex or plang-conves field lena with a mich smaller over-corrected planc-convex achre 

matic eye lens, Field very large, colourless, and ‘orthoscopic’; low powers are suitable for comets aud scattered objects, 

Monocentric eye-piece (psitive)—A. triple cemented lens, particularly recommended for the critical study of lunar and 

planetary detail, as it gives exquisite definition, and freedom from *ghosta’: its small field is its weak point, 

Barlow Lens:—A concave or concave-menisens lena of about 3 inches negative focal length, mounted in a short tube—made 

a sliding fit—inside the eye-picce draw-tube, and placed behind the object-ginas or mirror, 4or 5 ins, from the eve-picor. 
It increases considerably the focal length of the object-glass or mirror, giving an image of double the siae, more or less, 

according to its distance from the eye-piece, This valuable device, at the cost of a slight low of light, and a tendency te form 

‘choata,’ gives « flatter field and an increase of the powers of all eye-pieces naed, thus doubling the set at smull expense. 

The nifying power of a telescope depends entirely upon the ratio of the focal length (/',) of the object- 
glass to that of the eyepiece (/',), the formula being , +,f,; thus, with on object-glass of 56 inches focal length, and 
an wye-piece having a focal length of } inch, the magnifying power will be 72 diameters, or “ power 72" as it is termed. 
Note that, as the power is increased; (a) the image gets fainter, nnd the area included less ; (6) stars pass more quickly 
across the fleld; and (c) the atmospheric disturbances are also magnitied, as well as any vibrations of the stand or ground, 

It is advisable to have at least three eye-pieces of different power :— 

(1). One of low power with a large * field,” that is, showing a considerable eres of the sky), for viewing comets, large and 
scattered clusters, and extended nebulm, magnifying § or 10 times per inch of aperture, Thus, on 4 2 in, telescope 
the power may be from 25 to 30, or fora 4-inch, #2 to 40, Foraverage eyes, aperture x 4 gives lowest useful power, 

(2). One of modernte power, magnifying 26 or $0 times to each inch of aperture = 76-100 for a 3-inch, 100-120 for a 4-ineh, 

(3). One of high power, magnifying 40 or 60 times to each inch of aperture =150-180 ,, » 200-240 ,, Re 

When experience has been gained, the observer may sometimes ust eye-pleces of still higher powers—the extreme 
limit of useful power being about 100 diameters per inch of aperture—but, asa rule, to advantage only on close double 
stars, when the telescope is of fine quality, and atmospheric conditions most favourable, Such nights are very rare, 

To find Focal Lengths. —(«) Object-ylase or Mirror, Remove the eye-piece and stretch a piece of semi-transparent 
paper over the end of the draw-tube, Point the telescope at the Moon, and focus her image on the paper screen ; the 
measured distance between the back of the object-glass and the soreen—in Newtonians, between the centres of the 
surfaces of the large mirror and flat, and thence to the screen—is, for practical purposes, the focal length required, 

(h) duygenian Bye-piecs,—Divide twice the product of the foeal lengths of the two lenses by the sum of their 
focal lengths; the quotient is the focal length of an equivalent single lets, * 

To find the Power of an Eye-piece —Make a seale with plainly-marked equal divisions, Set this up ata 
considerable distance away, and, holding both eyes open, view the senle through the telescope with one eye and 
directly with the other. The number of divisions on the scale, covered by the magnified image of one of them, is 
equal to the magnifying power of the eye-piece used. For low powers, a distant brick wall will serve asa scale. 

Another method.—Focus the telescope on a star, Next morning, without altering the focus, point the telescope 
to the bright sky. When the eye is placed about 10 inches behind the eyepiece, there will be seen o small, clearly- 
defined dise of light, Measure the diameter of this dise by means of a Berthon Dynamometer (see p, 45) placed 
against the eye-piece—a pocket lens, of low power, should be used a4 on aid in doing this, The nugnifying power of 
the eve-piece is found by dividing the clear diameter of the objeet glass by the measured diameter of the bright image. 

To find the Diameter of the Field of an eye-piece, observe how long a star situated near the oquater (for 
instance, 6 Orionia, ory Virginis) takes to pass centrally acroes the field from one side to the other. This time, expressed 
in minutes and seconds, when multiplied by 15, will give the diameter of the field in minutes and seconds of arc, 


* When the distance apart of the lenses d is equal to half the sum of their foeal length, (f,+f_)+2; the Rev. Sixty 
W. FA, Ellison points ont that av this distance is not always kept to, the correct formula for all combinations is lf Focal length = iti, -a, 
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TESTS. 

The actual performance of a telescope on a celestial object is the only really satieiactory test. Seen through a 
telescope bearing its highest power, a fixed star of the second magnitude should appear as a minute, well-defined, 
circular dise of light, almost a point, and surrounded by one or two thin, concentric, bright rings. There ahould be 
no false rays of light, and the rest of the field should be uniformiy dark, The telescope should not, however, be von- 
demned too hastily, as an inferior eye-piece, or the state of the air (see p. 35), may be responsible for apparent defects 
in the object glass, A close double star with very unequal components forms a most severe test. A telescope of the 
finest quality should separnte a double, consisting of two Oth magnitude stars, whose distance from centre to centre in 
seconds of arc is equal to 46 divided hy the aperture expressed in inches. (see Table p. 40). 


ACCESSORIES. 

Stands.—Much depends upon the rigidity of the telescope stand, and good observations must not be expected 
from the open window of an ordinary room, aa the vibration of the floor, and the mixed currents of air, set the 
object being viewed dancing. For amal| telescopes, the ordinary, alt-azimuth, tripod 
garden stand is most convenient, An iron pipe of about 4 inches diameter, partly 
sunk in the ground, and rammed full of clay to deaden vibration, forms a good support 
for a telescope of moderate size. 

The Equatorial Stand is of enormous advantage, but is rather expensive, It has 
one of the pivots, or uxes, which carries the telescope, directed towards the celestial pole, 
(being adjustable for latitude), The result is that a star may be followed by a single 
circular movement of the telescope, instead of the instrument having to be moved both 
in altitude and azimuth. A make-shift is to screw to the stand top a wooden block cut 
off at an angle, as shown in the illustration (A), and which haga V-groove, with sides at 
an angle of 00", cut along the inelined face, for receiving the pillar, The claw legs of the 
stand, folded up, will act as a counterpoise, and two or three screw clamps will keep the 
pillariirm, A pieee of hard wood (not shown in the illustration), also V-crooved, should 
be interposed between the point of the screws and the pillar, to prevent damage when 
tightening up the serews. A somewhat simpler construction is to hinge this upper block 
at one side to the lower block, and pass the serews through both blocks at the other 
side, as shown in the illustration at (B), 

The angle of the iste top, from the vertical, must be the latitude of the observer subtracted from 90°. Thus, 
for latitude 62" it will be 90°52" = 38*, 


Finder.—A finder is a small telescope fixed by supports to the body of the larger instrument. When high 
powers are used, this adjunct is a necessity, and in ail eases it adds much to the comfort of observing. Tho finder 
may be roughly adjusted by day on a distant weather-cock or some other definite object. To improve the ad justment, 
bring the polar star into the centre of the field of a low power eye-piece on the large telescope; then alter the diree- 
tion of the finder, by means of the adjusting screws, until the star image is in the centre of the field of the telesnope, 
and also biaeeted by the cross wires of the finder at the same moment. Now replace the low-power eye- piece by one 
of high power, and perfect the adjustments in the same way. For small telescopes up to S-inch, ‘sighta’ similar to 
those on rifles can be arranged (painted white), which will be found of some service, 

Dew-cap.—To guard against the deposition of dew on the object glass, make a tube of tin, cardboard, or some 
such material, about 9 inches or 1 foot long, and of such a diameter as to fit closely, but not too tightly, on to the 
object glass end of the tube. The inside of the dew-cap should be covered with black velvet, or painted with a 
mixture of lamp-black and size, Black blotting paper is also suitable. 





Star Diagonal.—An L-shaped tube containing a right-angled totallyreflecting prism. One end of the fitting 
screws into the focussing-tube of the refractor, while the other end is screwed io receive an ord inary eyepiece, Its use 
prevents awkward positions of the body when viewing objects at high altitudes, but results in some loss of light and 
definition, A special diagonal is made for the Sun, which only requires a light shade glass (seo note on p. 45), 
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Berthon’s Dynamometer (or measuring gauge) ic a little instrument used for measuring the dinmotere of 
small objects. It has two flat metal sides, the internal straight edges of which meet towards the end, and are inclined 
to each other ata amall angle. One of the edges is graduated from 0 to ,5, of an inch, The figures on the scale 
denote the width of the gap between the two straight He : 
edges, To measure the diameter of any small object [T 02 OF 06 28 | +0 
by means of this little appliance, it is only necessary |) Janlur th: olin baeln lent sry lui 
to see at what part of the scale the object jist fills a 
the space between the internal edges of the gauge, 
and then take the reading from the seale. The : 
seale is divided into 20 long divisions of “01 or 1/100th8 of an inch. These are subdivided into five parts, was wien to 
‘O02 or 1/500ths ofaninch, The first two long divisions are again divided into parts equal to 001 or 1/1000ths of an inch. 

Telescope House.—A tall folding clothes-horse, with a sheet fixed to it, and stayed by tent-ropes, forms a fair 
substitute, which will, tosome extent, shield the telescope from vibration by the wind, and add to the observer's comfort, 
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TO GONSTRUCT A SIMPLE EQUATORIAL OR ALT-AZIMUTH STAND. 
By following the directions and studying the diagrams given, any handy amateur, with the aid of o few simple tools, 
will be able at a very low cost to construct an efficient equatorial or alt-azimuth stand for a 3-inch or amaller refract- 
ing telescope. If made on o larger scale and of considerably thicker materials, the equatorial head here described, 
mounted on short, strong, fixed legs, would do equally well for a reflecting telescope of moderate size, 

The Leg's.—Take 3 deal boards about 6 to 64 feet long, 5 inches wide, and | inch thick. Mark a point 2 inches 
from an edge at one end of the board and another point $ inches from the same edge at the other end. Join the 
points found with a straight line and saw along it. This. will divide the bourd into two equal flat pieces, each | inch 
thick, and tapering from 3 to 2 inches in width. ‘These two pieces are joined Magetliee at distances of 1 inch and 
9 inches from the narrow bottom end by L}inch serews (No. 9 or No, 10, about ,*. inch diameter), The two laths 
are kept apart by blocks of hardwood cut from a piece having a 2 inch square einen and held in place by serews, 
Thus the leg is formed as shown in Fig. 1, which is on a seale three times less than that of Figs. 2, $and 4. The 
laths should not be screwed together until the brass plates mentioned later on have been fitted. A metal plate (p) 
sawn or filed to a blant point, may ‘be screwed to the inner side of the foot, with the point projecting: 

The Top of the Stand. g, for which a wooden pattern will be required. 
The pattern is made of }inch mahogany fetinacll cut to en ene wane in Fig. 2, and strengthened by having 
a 4-inch bevelled dise of the same material glued and serawed on to it, so that the central part is} inch thick. Each 
of the three projecting parts of the casting is 
either drilled with two 4-inch holes, each Linch 
distant from the 3-inch edge, to receive Linca 
bolts, or, as an alternative, j\,-inch holes mar 
be drilled, and tapped d-inch Whitworth to 
receive metal screws. A d-inch hole is drilled 
through the exact centre of the disc. Instead 
of the casting, a piece of tough, hardwood, 
such as beech, cut to the same shape, but at 
least 14-inches thick, may be used. 

The Leg Pivots.—Cut o 12-inch lengtis 
of Linch square brass bar into three equal pieces. 
Tn a lathe, turn holf-an-inch at each end into 
a blunted cone (C, Fig. 2), the small outer end 
being #-inch in diameter. If no lathe, file the 
ends to the same shape as carefully as possible, 
These bars are now drilled with t-inch holes to 
correspond to the holes in the top, and are then 
screwed or bolted tothe underside of the iron top. | 

The Hinge Plates.—To the top inner side, and towards the back of exch of the Iaths forming the legs, is firmly 
screwed a flat, brass plate, 4 inches long, 1 inch wide and ,',-inoh thick (Fig. 2, F, and side view), The plate is flush 
with the top of the leg, which is rounded off at the outer ri corner, and has in it near the top a j-inch hole slightly 
enlarged, and coned to fit over the conical pins at C. Bis }-inch bolt 64 inches long, having a nut, bearing on 
a washer, which nut on being screwed up makes the hinge firm, and adjustable for wear, 
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The Equatorial Head (Fig. 3).—For this some pieces of oak or strong hardwood a full inch thick are required. 
The base is circular, and has, centrally fixed by sctews in a recess in the bottom, a plate with a j-inch Whitworth 
tapped hole, to receive a screw which clamps the head to the stand, This plate might be fixed in a recess on the 
upper side of the round base before the angle pieee next referred to is fixed in position. 

Vixed to the base is the trapezoid or angle piece of 1-inch wood (T). Strong glue and 2h-inch No, 12 screws should 
be-used for fixing the parts. The top of this piece must be cut offat such a slope that the angle which it makes with the 
base is equal to the Intitude of the place where the stand is to be used, A piece of wood 8 in. x 3 in. x 1 in. is screwed 
to the top of the trapezoid piece, and the whole is strengthened by adding the side pieces (R) which are 1 inch square. 

The Polar Axis (P) is made of bright mild steel round rod, j-inch in diameter and Ll} inches long. This steel 
is easily obtainable at large tool and material stores, The upper and of the polar axis (P) is driven into a rather 
smaller hole in the block (¥) which is of hardwood 6 inches long by 2 inches square, Care inust be taken to make 
this hole at right angles to the block. A 4-inch hole is drilled through block and axis, and o bolt inserted. 

The Bearings (x, x) may be simply holes (j-inch) in the hardwood blocks, with a simple split arrangement for 
tnking up wear; Lut it is more antisfactory to enlarge aud square (slightly undercutting) the greater part of each hole, 
and, with the axis in placa, to pour in melted tin or pips composition (lead and tin) to form more durable bearings. 
Before pouring the lead, cont the axis with a mixture of black lead and water and allow it todry, If, when all is 
cold, the axis cannot be twisted round, when oiled, it should be gently hammered endways with a mallet, If there is 
still trouble, cat with an old saw along the dotted line (Fig. 4), through wood and bearing-metal down to the axis. 
The upper halves of the split bearings can then be held in place by screws. Similarly for the bearings (y, ¥) 

The Declination Axis (D), another } inch steel rod, about 14 inches long, is fixed, like the polar axis, at right 
angles inan § inches long, 2 inches square block, grooved for ita whole length on one side to receive the telescope main 
tube (A). ‘The telescope is fixed to the block by menns of leather straps or thin metal bands, Thin f-inch metal 
washers are placed batwean the blocks and the upper baarings of both axes. The balance-weight or counterpoise (w) 
is formed ofa small round tin filled with lead, in which » piece of tube that just slides over the axis has been eontrally 
fixed before the molten. lead is poared in, The weight is so adjusted thas it will counteract any tendency of the 
telescope to swing round hy its own weight on the polar axis, It would be quite possible to fit graduated circles to 
this simple head, Celluloid circles can be obtained cheaply, and could be mounted on wooden dises of the same sine 
—an addition which, with a carefully adjusted stand, will make possible the finding of Mercury and Venus in bright 
daylight and of stars by night from the placos given in catalogues, Dut, even without circles, the advantage of being 
able to watch a star by only one movement will be found to be a great one, 

Alt-azimuth Head.—For this only the parts A, D, Y, W (Fig. 3) are required. The polar axis P is replaced 
bya j-inch bolt which passas vertically and without shake through the central hole in the metal top of the tripod. 
A flat brass plata 1s screwed to, and protects from wear, the lower side of the block ¥, which rests horizontally upon, 
and can be turned in azimuth about, the metal top. Turn or serape the top flat, and grease with vaseline. 

Adjusting the Equatorial Stand.—The completed stand is set up so that the top of the stand is level, with 
one of the legs of the tripod placed towards the south, and with the legs set well apart. Three strong cords of equal 
length should be made taut, one end of each to « central ring and the other end to a derew ring, fixed in the central 
eross-piece of each leg; this isa precaution against « possible accident. 

‘The telescope tube is next-set as nearly as possible parallel to the polar axia, and then, having slightly loosened 
the clamping serdw, it will be sufficient, if no graduated circles ore used, to gradually turn the equatorial head till 
(in the Northern Hemisphere) the Pole Star is seen in the field of view. The head ia then clamped, Any slight 
adjustment in latitude required may be made by moving the southern leg of the tripod either inwards or outwards, 

‘An alternative to the cords, which also renders the stand more rigid, is the addition uf three 
stretcher bars, each made of two parallel metal strips, fixed j-inch apart, and riveted to a short 
orose-piece at one end, and to the flap of a firm hinge at the other, The other hinge-flap is screwed 
to the central cross-piece of the leg, as shown in the illustration. A j-inch bolt with » wing nut (¢) 
passes through the three slots, and clamps the bars together, 

When graduated circles are fitted, « more accurate adjustment of the equatorial head is 
necessary, if it is to be of practical use, With a movable stand it is well to have some means of 
replacing it in the same position when ones it has been carefully adjusted, or much valuable time may be lost in re- 
adjusting it each night. Three stone slabs, or concrete blocks, having central gun-metal or brass plugs inserted, are 
set-in the ground at the corners of an equilateral triangle equal in size to the most convenient leg base, Each metal 
plug has « hole or receas in the top, in which rests the previously-mentioned metal spike attached to the lower end of 
the leg, The adjustment of the head proper may be effected by means of thin wedges under the head, or, better, by 
three screws passing through the metal top of the tripod and bearing on the under side of the base of the head, which 
should be protected by a circular metal plate that rests on the points of the adjusting screws. 
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‘The true N. pole, towards which the polar axis should be directed as nearly as possible, lies about 1° (two Moon 
breadths) distant from Polaris, and very nearly on the straight line joining Polaris and y Urse Majoris—the last star 
in the tail of the Great Bear. Tf the time is chosen when the Pole star transits above or below the pole (see ¥.A.), 
and the teleseope (set as before, parallel to the polar axis) is directed towards the Pole star, so that it appears in the 
eentre of the field of view, then a lowering or a rising of the axis through 1", by means of the southern adjusting 
screw, will make the adjustment sufficiently accurate for finding an object when using an eye-piece of low power, 


HINTS ON CLEANING. 


Refracting Telescope.—A good objoct glass is so delicately figured that it should be cleaned as rarely and 
carefully as possible, for fear of affecting the accuracy of ita form. (Sea below, “Cleaning.”) 

The lenses should never be taken out of their cell by an inexperienced person. 

The object glass should be held in its cell with just sufficient “play” for a slight rattle to be heard when it ts 
gently shaken, If screwed up tightly, it causes strains in the glass which mar the perfect definition. 


Reflecting Telescope.—The silvered mirror requires to be kept with very special care, as the silver is exceed- 
ingly linble to tarnish, especially in or near large towns, from the sulphurous fumes in the air, The owner of a 
reflecting telescope should, therefore, procure and study the “Hints on Reflectors,” which have been published by 
several of the leading makers of these instruments, 

A slight stain causes merely an inconsiderable loss of light, but, if badly tarnished, the mirror must be re-ailvered. 
[his process may be successfully accomplished by the amateur, with little difficulty, and at no great expense, if he 
earciully followa the directions given in the books just referred to, and uses pure chemicals, 


Care of the Telescope.— Before removing the telescope after the night's work, cover the object glass or mirror 
with the metal cap provided for that purpose, 

Never take the instrument fromm the cold outer air into a warm room, or the object glass will become dewed, 
Tf thie should happen, the object glass must not be left in that state; but it should be placed in a warm room, ata 
safe distance from a fire, until the moisture has vanished. Any stains left on the glass must be removed by gentle 
polishing. Never wipe an object glass when it is damp, 


Cleaning the Lenses.—When it becomes necessary to clean these, any dust should first be removed by menns of 
acame'sAairbrnah, Then the lens should be wiped very gently with a piece of very fine and clean wash-leathor or silk. 

When not in use, all beoshes and materials employed for this purpose should be carefully protected from dust 
by keeping them in clean stoppered bottles or air-tight cases, 


Solar Eye-pleces.—The use of a silvered or deeply-ooloured Barlow lens with an ordinary eve-piece is a simple and effective 
way of reducing the Sun's light and heat, The chief objection to the silvered lens is that the film isso easily scratched. A special solar 
diagonal (Sir. Herachel's), in which only about jth of the Sun's light is reflected from the first surface of a narrow prism, is procur- 
able. With this, the addition of a light shade-glass is necessnry, Soc illustration in Proctor'sa Half Hours with the Tulescope, new edn. 

Helicscopes, or Helioscope eye-picees, depending upon polarization, reduce the Suu's light autticiently to enalde « dark-glass 
be dispensed with, but they are somewhat complicated and expensive appliances. 

Spectroscopes,—Small instruments for viewing stellar spectra can be had at a comparatively low price ; these screw 
on to or fit in the eye-piere tube, Those for viewing prominences, however, are much more expensive, as the dispersion required 
ia considerable, and prices aro of the order of £7 ($35) upwards, It would be a grent boon to amateur astronomers if some 
enterprising optician could bring out a satisfactory instrument for half that sum, or less. 

Astronomical Photography.—Anyone possessing an equatorial telescope with a slow worm-wheel motion on the polar axis, 
ean take good stellar (or cometary) negetives in a box camera attached to the tube of the telescope, using ordinary photographic 
lenses of #8 or greater aperture, which should be carefully focuswed by trial exposures ; a driving clock is not essential, though 
advantagrous, The telescope serves as a‘ gnider, astar being kept steadily on cross-wires in the eyepiece + these wires can easily 
be added to ® positive eyepiece by anyone accustomed to use toola. Exposures are rather lengthy, from some twenty minutes 
upwards—to hours for faint stars—and require patience. 

Most refructors are not very suitable for taking photographa of the Sun and Moon in the telescope itself, without an eyepiece, 
ns they do not bring the actinic and visual raya to the samo foens, and the sharpest position has-ta be found by trial and error. 
Reflectors are free from this disadvantage, also ‘phote-visual’ refractors; but the latter are expensive: ‘The Moon can be 
taken by a fixed telescope, of ordinary focal length, in about }-seeond, but the image is amall—in a 3-inch, only 4-inch diameter, 

Those desirous of taking up this pursnit should procure ‘Astronomical Photography,’ by Mr H. H. Waters, F.R.A.5.—a little 
book which gives all needed information on the subject of apparatus, adjustment, exposure, &e. 

A Celestial Globe, adjustable for latitude, is useful for finding the direction and altitude of Mercury, or a comet, in twilight, 
also the path of the Zodiacal Light. The etara are reversed as regards left and right on the globe, because we view the star 
sphere from the inside, and the globe is viewed from the outside, 4 


THE MOON 7 

General Notes.—The Moon is the most interesting of all the heavenly bodies fora amall telescope. In an opera 
glass the dark portions visible to the naked eye are seen to be the smoother portions of the Moon's surface; the re- 
mainder of the surface is a mass of craters of every size, from some of which brilliant white streaks radiate for a great 
distance, The most striking views are obtainable when it is about its first or last quarter, when the lunar 
mountains near the terminator (or boundary between the bright and dark portions), east long dark shadows which 
give a fine effeot of contrast with the bright sun-lit parts. At the time of full Moon this contrast is-lost, though the 
ayatems of raya or bright strenka are then most in evidence, and an interesting field of study is the total, or nearly 
total, disappearance of prominent objects (eg.,Maginus) for 2or 3 days before and after ‘Full,’ while others (notably 
the craters, properly so called, see p, 48) can still be located by reason of their being brighter than their surroundings, 
This disappearance is very noticeable in formations traversed by the rays or streaks, as in the 8. W. portion of the 
Moon, A low power should be used at first, fora general view of thedise, (See note on ‘Observing the Moon,’ p. 34). 

The Moon always presents the same side to the Earth, so that one side of the Moon is never seen at all, Owing, 
however, to what ia termed the Moon's (ibration, or apparent swaying, due to the inclination of its axis to its orbit, 
and to other causes, we sometimes see a little more on one side or another, so that altogether about six-tenths of the 
surface is visible atone time or another. A full deseription of the Moon is quite beyond the scope of the present work, 
but the following paragraphs, together with the map, and further notes, p, 48, indicate the principal features. Consult 
Elger’s and Neison’s detailed secounts and maps, also Goodacre’s; Nasmyth’s, and Unaer Mond (Fauth)., Proctor’s 
volume deals particularly with her orbital and other peculiarities, Hee also Pickering's Photographic Atlas. 

Lunar plains, the darker and smoother portions or the surface, were supposed by the early telescopists to be 
seae—which they much resemble under very low powers—and were named accordingly, More perfect instruments, 
however, revealed that the supposed seas were simply vast plains, by no means level, or smooth, possibly once the 
bottom of lunar oceans. 

Lunar monntain ranges and peaks are much higher in proportion to the moon's diameter than terrestrial ranges 
are to the earth's diameter, some of them attaining a height of about five miles. The most conspicuous range is 
The Apennines, inthe northern hemisphere of the moon, which rises like a wall from the Mare /mérium, It is about 
600 miles long, and its highest peaks attain a height of 34 miles—the heights being found by measurements of their 
long sharp shadows, nearly 100 miles long. 

Lunar craters, which aresuch u prominent feature in hinar landscapes, are of all sizes from a hundred and fifty 
miles in diameter downwards. Craters often have one or more conical peaks within the crater walls, of which 
Tycho and Gaseendi ure tine examples; the largest with a fairly level bottom, and often no central peak, and with 
lower bounding walls than the craters proper, are called walled plains, of which Plato is the best example. The 
interiors of the craters are usually lower than the surface outside, but sometimes the reverse is the case, Frequently 
an old erater will be seen that has been broken into by o later one, 

Lunar riléx are deep, winding, narrow valleys, resembling the bed of a dried up stream. Lunar clefts appear like 
eracks on the smoother portions of the surface, It is difficult to realise that these hoirlike markings are sometimes 
fifty or a hundred miles long and up to 2} miles in width. The greater number of clefts are to be seen only in pretty 
powerful telescopes, Faults are closed cracks in the moon's surface, and are numerous, They are visible owing to 
the surface on one side of them being higher than that on the other. 

Lunar rays are the bright streaka which radiate from some of the principal craters, Unlike other lunar features, 
they are best seen about the time of full moon. The finest system of rays radiates from the great erater Tycho, in 
the southern lunar hemisphere. The strangest feature of these rays is that they are everywhere on the same lovel as 
the rest of the surface, and traverse unbroken both crater walla, valleys, and seas. No fully satisfactory explanation 
of their nature has yet been given. 

Position Angle of the Moon's Axis.—This sways some 25° on each side of the hour-circle every month, the ax- 
tromes being when her Kt, A, is about 0 hrs, and 12 hrs, i¢., when crossing the celestial equator: it is about zero when 
her B.A, is 6 hra. and 18 hrs, The amount is given in the ‘Moon's Physical Ephemeris’ in the Nautical Almanae, 

Objects near the Limb. Those near the N. lunar pole are best situated for observation when the Moon has 
ita greatest south latitude (about 5°), and vice versa for the 8, pole; those near the west limb, when the Moon's actual 
longitude is E. of (i.¢,, greater than), and those near the enst limb when it is W. of (i, /eas than) the mean longitude. 
The dates when any object near the limb will be nearest the centre, and thus most favourably situated for observation, 
can be ascertained from the Nautical Almanac, by finding the times when the favourable libration in latitude, p. 47) 
is about 6", and that in longitude about 7°: the Moon, however, may be below the horizon, or the phase unsuitable, 


NOTES ON THE MOON. ai 


Effects of Libration. At each recurring phase, though the positions and lengths of the shadows themselves have 
not changed greatly (lunar ‘seasonal’ changes being small, owing to the small inclination of the lunar equator to the 
Ecliptic, 1}"), the Moon's latitude and longitude, &e., have altered, Libration has come into play, and we view the object 
and its shadow from a different position than formerly, the variation amounting at its maximum to over 20", through 
the combined effect of the displacement in latitude and longitude. Except at rare intervals, therefore, we do not re- 
observe objects under anything like the same conditions, When viewing the Moon, it should also be remembered that 
it is only near the centre of the dise that we see objects in their true form and dimensions, as each object is more and 
more foreshortened the further it is away from the centre, and, on the limb, is seen only in profile, 

The libration on any evening can be found from the Nautical Almanac in the ‘Moon's Physical Ephemeris,’ 
columns Earth's *Selenographic Lat. and Long.'’ When the libration in longitude is +, the mean centre of the dise is 
displaced to the E., ie, the Mare Crisium is furthest from the limb, When the libration ig —, the mean centre is 
displaced to the W., and the Mare Crisium approaches the limb. Similarly, when the libration in latitude is +, the 
mean centre is displaced to the &., i¢., Plato is furthest from the limb, and vice versa, for -. 

Best Altitude Conditions,—For any given age of the Moon, there isa certain date in the year about which 
more favourable altitude conditions obtain than at any other time, though it is modified to some extent by the Moon's 
changes in latitude. This is due to the fact that the Moon's average path coincides with the Ecliptic, so that on 
any given day, her altitude above an observer's horizon at culmination, will, on the average, be exactly the same as that 
of the Sun at noon on the date when he has similar R.A. The following Table indicates approximately the most 
favourable dates for observing the principal phases: (8. Hemisphere, transpose April, Oct.: and July, Jan.):— 








N. Hemisphere:—/ Moon 3-4daysold,; First Quarter. Full, Last Quarter. 25-26 days. 
Most Favourable | End of April Vernal Equinox | Winter Solstice | Autumnal Equinox) End of July 
Lenat = »  Oeteber | Autumnal ,, Summer ,, Vernal a = January 





The Position of the Terminator on the Moon's equator, corresponding to various ages, can be approximately 
ascertained by means of the scale below the Map of the Moon on p. 4. It can be obtained more exactly from the 
‘Moon's Physical Ephemeris,' ‘Sun's co-longitude' column, in the Vautical Almanae (in conjunction with a lunar 
chart having selenographic latitude and longitude lines), by using the following rule :— 


Sun's Co-iongitude. From :— Potion of Teractimior, 
O' to BO", the figures inthe Tablegive ... ... the ee ee E. of the central meridian (Sun rising), 
80° to 180°, subtract the Sun's oo-longit. from 180": answer = ,, = - os 2 » (Sun setting). 
180° to 270", subtract 180° from the Sun's co-longit. ,, = ,, i rv 2 Po ‘ » (Sun setting), 
370" to 360", subtract the Sun's eo-longit, from 360", ,, =~ # San. Spear = » {Sun rising’. 


Repetition of same Phase of illumination, near the same hour, may be expected in about 2 and 15 lunations, on 
the average, but there are variations—corresponding with the lengths of different lunations, which vary to and fro 
between 29} and 29} days. The mean lunation is just over 29) days, hence, on the average, in the second lunation 
similar phase falls in daylight; in the third, itis 14 hours later in the evening than the first, and soon. 1 mean 
lunation =29412" 44"; 2lunations, 59714"; and 15 lunations, 442° 25", The mean interval from perigee to perigee, 
ormean anomalistic period is 2745455 days, and does not recur at the same phase till after 14 lunations (about 1°15 yrs), 
or about 14 months later in the following year, so that ‘most favourable’ conditions gradually disappear for a period. 

Lunar Nomenclature. Lunar objects are generally referred to the quadrant, or quarter of the dise, in which 
they are found, numbered [toTV,ason the map. The principal formations have names of their own: other objects in 
the neighbourhood (also those insioe or on a crater), not separately named, are denoted by the nearest orater name with 
a Roman letter added, for craters or depressions, or a Greek letter, for peaks or elevations—capitals denoting ‘measured’ 
points. Thus ‘Aristoteles B’ is quite different from ‘Aristoteles,’ being a small crater some 50 miles N. of the latter. 
Greek letters are also used for rills, in conjunction with the crater names, 

Earthshine, popularly known as ‘the Old Moon in the New Moon's arms,’ is due to raya of light reflected from 
the Earth on the Moon's dark dise. It is stronger in the morning with Old Moon than in the evening with New Moon, 
and its variations are worth systematic study, as an index to the reflective power of the Earth's dise, which is lit up 
by the Bun, As the albedo of clouds is very high (p. 6), unusual brightness of Earthshine probably indicates that the 
sun-illuminated hemisphere of the Earth is much cloudier than usual, and vice vwerea when Earthshine is faint. Earthshine 
is best seen 3 to 5 days after New Moon in the spring, or before New Moon in the autumn, especially if the Moon is near 
perigee at the time, its brightness then being greatest, Earthshine is also known as ‘/umitre cendree,’ or ‘ashy light.’ 

A very narrow ring of silver-white light, quite distinct from Earthshine, and encireling the whole lunar dise, is 
occasionally visible for short periods when the Moon is within 2 or 3 days of New, 


13 NOTES AND INDEX, MAP OF THE MOON, 


Lunar Mountains are of two classes: (a)ordinary mountains—chains and smaller ranges, hills, ridges, peaks, &e., 
and (4) ‘craters,’ conventionally so called, with hollow centre, and central peak, or peaks—though this is sometimes 
atgent, asin Plato, Craters are sub-divided into several types, but as these merge into one another, authorities classify 
some craters differently, In these sub-divisions, ‘crater’ is used in a special sense, to denote the type which seems 
inost nearly to correspond to terrestrial craters, The more important types are :— 

Walled Plains (marked + in Index) diameter 40-150 miles, usually surrounded by a complex succession of walle 
Floor usually not much lower than the outside, and comparatively level ; central mountain often absent. 
fting-Plains (unmarked in Index) form the majority of lunar craters, diameter 20-60 miles. More uniform and 

eireular than walled plains; generally surrounded by a single principal wall. Outer slope is small, interior 

steep and usually terraced, floor nearly always much lower than the outside, and comparatively level. 
Craters proper ({ in index); diam. 4-12 miles, circular, outer slope steep: floor small, with volcanic cone; a 

characteristic feature is brightness, which often enables them to be specially distinguishable ot ‘Full.’ 

The deepest crater in the Moon (Neison) is Newton, with a rim 23,800 feet above the interior: in Wargentin. 
the floor is practically level with the top of the wall, For a few of the outstanding features of the Moon, see page 46, 
and below, For fuller details, refer to ‘Webb,’ Neison’s or Elger’s books on the Moon, and Goodacre’s_ with large map.* 

Lunar ‘Seas,’ Valleys, &c. The Sinus Iridum, with great bounding cliffs, rising in peaks over 16,000 ft. 
high, is one of the finest objects on the Moon: it is best seen when the Moon is 8 or 9 days old. 

Of the valleys, the Great Alpine Valley is the most notable. Most clefts or rills, and faults, are not visible in 
small instruments, but the Cleft of Hyginus, and the rill of Ariadeus just W. of it, can be seen in a two-inch telescope. 
The ‘Straight Wall,'60 miles long and 900 feet high, isa little E. of Thebit. Picois asolitary peak on the Mare Imbrium. 

The Brightness of different parts of the Moon is an interesting study: it is valued in ‘degrees,’ ranging from I, 
the darkest—found in Grimaldi and Riccioli—up to 10°, found in Aristarchus, the brightest object in the Moon; Proclus 
is 8°. 0" ie black shadow, The floor of Plato undergoes curious changes in brightness aa the Sun's altitude increases. 

The varying colours of the Seas may also be studied, The prevailing tint is grey, more or less dark, Mare Crisium 
being the darkest (1}°-3"), with a tinge of green, The brightest of the grey plains is Lacus Somniorum (34°-4°); Patus 
Somnii, equally bright, is of a yellow-brown shade. The Mare Serenitatis, the centre of Mare Humorum, and part of the 
Sinus Iridam, have a dark greenish colour, and the Mare Crisium a lighter green; the Mare Frigoria is yellowish-green. 

Centres of Principal Ray Systems. Aristarchus, Aristillus, Byrgias A, Copernicus, Euler, Kepler, Messier, 
Proclus, Timocharis, and Tycho, Euclides and Landsberg A are surrounded by a ‘nimbus,’ or bright patch. 

The Mean Centre of the Moon, or intersection of lunar meridian 0° with the lunar equator, can always be 
readily found, as it is approximately the point equidistant from the three craters, MH erachel, Schréter, and Triesnecker, 
The lunar equator is very nearly the line drawn through Rheticus and Landsberg; lunar longitude 0", a line drawn 
through the centre of Walter and the E, side of Aristillus, But see note at foot of Map of the Moon as to curved lines. 

Index, Map of the Moon. The diameters, given in miles, are approximate, as authorities sometimes differ, owing to 
irregular shape, &e. The letters Be, Bb, &c. indicate the square in which the object will be found. 7 j, see above. 

Iinm. | Diam. Tan Dum. Blam. 
Agrippa Be 27m! Claviust Ca 142m) Hell Co 180 | Messiert Ab. §m) Santbech Ab 46 
Albategninat Bb 64 | Cleomedest Ac 78 | Hercules Bd 46 | Moretust Ca 78 | Schickardt Da 144 


tt 


Alpetragiug §«=oOb 27 | Copernicus oc 56 | Horachel Ch 24 | Misting &A Ch 15 | Schillert Ca 113 
Alphonsust Cb 83 Cyrille Db 30 | Hevelt De 7 Schriter Ca 25 
Avaximander Cd 39 | Cyrillust Bb 65 | Hippalust Ch 38 | Newton Ca 143 | Stadius Co 43 
Apolloning Ac 30 Hipparchust Bb 82 | Otto struvet De iso | =Miert Ta 150 
Archimedes Co 50 | Delambre Bh 32 | Hyginus&CleltBe 4 
Ariacis Be 5 | Delisle Ce 16 Parryt Ch 25 | Tarnntias Ac 44 
Aristarchus Do 23 | wii De of | Kepler Do #2 | Petavinst Ab 100 | Thebit Ch 32 
Ariatillus Bd 34 | Pidemiont Bd 78 Philoliius Cd 46 | Theophilus Bb 64 
Aristoteles Bd 4] Reutuathes an th 4a Lambert Cc 18 | Pingzzit Da 90 | Timocharis Co 23 
Arzachel Ch 66 | Pidides? fea Ch 7 | Landsberg Cb 28 Picard Ac 2) | Triesnocker Bo 14 
Atlas Bd 55) | Radosus’ Bd 4o | Langrenust Ab 90 Piccolomini Bh 57 | Tycho Ca 64 
Autolycus Bd 2 | Ralor Ce 19 ries Tb 50 Pico 5, CE ene 
dindenau Ba 36 | Pitatust Ch 68 | Vendelinust Ab 90 

Bailly+ Ca 148 | Fabricius Ba Sh | Linnét Be 2 | Platot Cd @0 | Vieta Db 41 
Besselt Be 14 | Flamstood Db ® | Longomontanuet(a #0) | Plinins Be 32 | Vitello Db 26 
Birt Ch 9 | Fracastoriust Ab 60 Posidoniast Bd €2 | Vitruvius He 18 
Blancanus Ca G1 |) Furneriust Aa 80 | Macrobius Ae 42 | Proclus Ac 18 | Vineq Ba 57 
Bullialdus Ch 33 ambact Ce 18 Maginust Ca 100 | Ptoleomoust Ch 115 
Burg Bd 28 | Gassendit pb sy | Mairan Dd 24 | Porbacht Cb 60 | Waltert Ba 100 
Byrgiua, & A Db 40 | Get Ad 11] | Maniliua Be 35 : Wargentin Da 54 

Godin. Te og | Marius De 27 | Reiner De 21 | Werner Bh 45 
Capella Ab 30 | Geimaldit Db way | Maskelyne Be 19 | Reinhold Co 31 | Wilhelmit+ Ca 46 
Capmanus Cn a4 at Maurolyeust Ba 1% Rhwetions Be 25.| Wurgelbauer+ Ca 60 
Cassini ‘ ea = ptoredl = 66 | Merseniua Dh 4) Riceiolit Db 106 
Catharina 7 icon 19 


| Messalat Ad @ | Rimer Ac 24 | Zach Ba 46 
* Published 1922, + Walled Pilaina. ? Craters. 


SKETCH MAP OF THE MOON, (As scen in on inverting Telescope) 


i, 
ers 


Capella d 
fe roeounmrtatis : 


t 


mei 


BARE (eRe 


uc? 
ea | ~ 
a. Dum c 


il MARE op ro . 
oS 





mae SHOWING APPROXIMATE POSITION OF THE TERMINATOR ON THE MOON'S EQUATOR AT VARIOUS AGES. 
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lo using thie or any other Map of the Moon, it must be remembered that : 


(a), Objects very near the limb in the Map may bo comple tely out of aight or much foreshortened, owing to Wbration, The Mare 
Crisitum and Grimaldi for instanes, almost touch the edge at extreme libration. 

(6). The-lanar equator, and parallels of latitude, which are straight on the Map, are o oly seen thus when the libration in latitude ta 0", 
ie. whon the lunar axis ia in the position of mean libration ; at other times these lines aro een os ellipess of greater or lose curva 
ture, curved fauthwards when the libration in latitude is +, and curved northwards when the libration in latitude is —. 

(ec), Similarly the meridian of junar longitude 0° is only seen ®4 ® wtraight line when the libration in longitude‘is 0°; at other times 
it also is elliptical, convex Work. according as the Moon's libration is = or +. 

{d). The mean contre of the dike in only geen in the centre when the libration in longitude and latitude are each 0", At other 

tines it thay be displaced uy to 7 45’ in longitude and 6 44° in latitude, or as the combined re sultp1g° 18. The Boone 
libration in longitude ts 0° akouwt poriger ond apoges, and ber libration in Intitude about O° when she is crossing the Eeliptio. 


When the Sean's libpmition in longitude d i= the re phon CX pase sil to view ja on the E. . Lita, & Mare Cristum ts bearer the Lima, than meon po eiLiOn. 


4 i + vs " es Ww i Fr . further from ,, " ta 
When the Moon‘s libration in intitude in — re 5 a limb, & Plato ia nearer the limb thanmenn position, 
ia “a + + ‘4 re “ WN, * » farther trom = = 
LUNAR MOUNTAINS, de. LUNAR SEAS (oR "MaRIA’), ac. 
Haight, & feight, | Mare Australe ... <An|| Mare Nectaria ... Ab Lacus Somniorum Bd 
Alps, Hd 12,000 | Dovrfel Mts. Ca 26,000) , Crisium . Aell 4, Nubium ... Cb|Palus Nebularam Bd 
Alpine Valley Bd... Hemus Mt Be 8,700) ,, Focunditatis Ab|| ,, Serenitatia ... Be| , Somnii... .. Ac 
Altai Mts Bb 13,000 | Leibnitz Mts. Ba $0,000) ,, Frigoris .. Cd) . Tranquillitatis Ac| Sinus Aestuum ... Ce 
Apennines Ce 18,500 EF yren rer et | Ab 13 100 | - Huambolitianum Ad 1 ¥ port dab Be " Tridwm ... a0 Cd 
Bradley, Mt. Be 13,600 | Riphean Mts, Cb 700), , Humorum ... Db| Ooean: Procellarum De| ,, Medii ... ... Co 
Caucasus Bd 18,500' Taurus Me. Ad 10/000| , Imbrium ... Cd'l Lacus Mortis ... Bd! |, Roris ... « Dd 
vt] 





STAR CHARTS 


Alrerictions Acelitional Eeplunationa. 


Greek or Roman Letters (to a Star). 
Letters assigned by Buyer in 1603, and, since Bayer's time, by Lacaille and Gould 
in acithern constellations, 


Number only (to a Nebula). 
The number given in the N.G.C,, vis, the New General Catalogue, being the 
General Catalogue of Nebul by Sir John Herschel as revised and enlarged 
by Dreyer (1858), 


Number with small number to the right (to a nebula) 
Sir William Hersehel’s numbers and the clusses inte which he divided the nebulm, 


Thus, 374 = HIV 37. 


These classes are :— 
I. Bright nebula, V. Very large nebulm. 
IL. Faint nebule. VI, Very compressed and rich clusters of stars, 
ILL Very faint nebulio. VIL Compressed clusters of eroall and large stars 
1V. Planetary nebulm, VILL. Conrsely seattered clusters of stars. 


INTERESTING 




















OBJECTS. Maps 1 & 2. (nN. or 60 Dec) 


(CiRCUMPOLAR, NORTH). 


Double Stars. 
ErocH 1950. 

R.A. | Tee Mags. 

O=6G7 Camelop. | 3°52-9"/ + 60° 58'|] 5-0, 32 
Y485 “ 4 34/462 12:1) 61, 62 
1» | 4 59:0 | +60 22750, 9-0 

F634 - 5 14:3 | 4,79 12°] 4-5, 8-0 
19 ie 5 324/464 8 | 65, 10-5 
S112 ly, 7 41-2 | 465 17 |. 71, 71 
SMT! 5; T 424/464 11] 33% 
E1694 ,, 12 466 | +83 41 1-49, a4 
y Cassiopeim | 1 224 +67 52] 44, 89 
E163 1 476 +64 36] 6-2, 8-2 
Y185 i 1 673 | +75 16 | 70, 85 
45 2 1 S78 470 40/150, TS 
k 7 € 04-9 |467 11] *o 7% 
O253 4 3 191 | +65 28 | 64, 70 
6 ‘ 23 464 | +61 37 | S7, 83 
E9083, 4 O00 |} 465 49 | 60, 73 
E820 Cephei 4 599 | 470.13] 83, o5 
460 = 4 14) 480 84 | 5-2, 61 
K = 20 107 | +77 34 | 40, 80 
B a 2] 280 /+70 20 | 33, 80 
OS45T ,, 91 642/465 6 | 6:5, 85 
Sas7s. 3, 22 G4 | +82 38 | 62, 7-0 
g is 22 28 | 04 25) 47, 65 
Sa8o3 =; 22 120 | +4759 4 1706, 76 
S048, 22 478 | 460 17 | 70, 87 
S950, 29 494/461 25 |) 60, 72 
o 23 16-4 |+67 50 | 6-2, 78 
OFE1259 Draconis | 13 25-4) +65 0 | G4, GA 
E4054, 16 23:1 | +61 48 | 5-7, 6-9 
" " 16 23°3 |.61 38 21, Bi 
20 a 16 562 | 465 7] 65, 71 
E7155 17 165 +60 46 | 62, 95 
a6 17 34:5 | 46155 |) 55,101 
7 . 7 428 472 11 | 40, 6:2 
40,41 4 j18 38/480 0] 54, 61 
E1403, }18 43-7 |+61 0 | 62, 9-0 
“2573S, )10 39-4 | +60 23 |) G2, 85 
“ 19 48-3 470 8 | 40, 7-6 
S640, 26 6 «40 | +63 45.) 6-0, 9-0 
¥9694 20 17-8 +80 23 | 65,105 
1193 Uree Maj,| 8 15:2 +72 34 | 60, 90 
at a 9 60 +67 20] 5-0, 9-0 
23 ‘ 9 27-6 )+63 17 | 38, 8-0 
Sl4i5 10 13-9 | +71 19 | 6-1, TO 
OF295 ,, 1L 29:5 | +61] 22] 60, 75 
Hu 1156 ,, 12 32 |+63 13] 60, 114 
a Urse Minoris | 1 48-8 |489 23] 9-0, 9-0 
wl ~ 15 32:1 | +80 57 | 61, 7-0 

















PA, Dist, Date | 
477) 19 
04° 18-3 
208° 808 1993 
62°) 9-1-1968 
ari 1" Lot | 
5° 10" 4) 1924 
We hed % 21886 
$26" 215: 1924 
11.2" 1253; 1928 
$6" 34°") 1922 
20°; 13-1921 
} 220": 1%-021926 
fie | Sea 72998 
94") OF 1824 | 
1ag*) 18 1925 | 
71"; 153 1924 | 
ogy? 48 1986 
65°. 09 Yat 
123° 7-4 1982 
ano": 13"-7 | 1928 
250°: 16 1925 
Tz :187°8: 1923 
27a", 7-3: 1940 
S48" | 29": 1923 | 
Bo: 281594 
302°: 2-32 1028 | 
205": 3"-0 1926 
Dey" i 69": .s 
S55"; 121881: 
142°; 6"-1. 1026 
78°) OG 1088 
116° 10"+] 106 
S297: 1-7-1984 
16? 306 124 | 
as4" 198 1oas 
271", 176: 1026 | 
27°; 18-3: 1928 | 
OT; SS. 1936 | 
19"; 5B: 1024 
545°) 40 1914 
BT? | 451-1925 
OO°: 1h lean 
OT1*: 228° 1pa4 
Lev") 107 1n25 
$60") OF 1980 
2a sili ih) 
217° 183: 1984 | 
81°" 31"0° 1924 


Remark 


1925 Gold and green, 
‘3/1925 Relatively fixed, 


Faint comes to Bat 148 distance, 

Optical pair; @ diminishing from p.m. of A. 
= Hu, 1107. 

Relatively fixed. Rich neighbourhood. 
Triple. No relative motion, 

Pale yellow and lilac, Relatively fixed, 


Comes double, m.9-3+ Pld. 204") 3-0. 
Splendid gold and blue, Relatively fixed. 
Binary, 

Binary, Poidy, of 0°4, 1903; widest abt, 1935, 
Triple star, Fine object in 4-inch, 

PVA, decreasing. 

Relatively fixed, cpus. 

Relatively fixed. 


Orange and blue, 

Increasing JA, 

Bluish comes, Relatively fixed, 

od mag. iso spectroscopic binary, ie 
Physical pair, PA, slowly decrensing. 

Little relative motion, Probably a slow binary. 
Relatively fixed, 

Helatively fixed, N. of «. 

PA, slowly decreasing. 

Binary: orbit doubtful. Test for 2-inch, 


A fine object. Stars yellow and blue. o¢.p.m 
Near 9 Draconis. 

Light-test for Jin. telescope. 
Long period binary, 
Relatively fixed. 

Binary, period 11] years, 
Yellow and blac. eum. 
Relatively fixed, 

PA, increasing slowly. 
Little change. 

Pleasing contrast, 

P_A, decreasing slowly, 
Relatively fixed. 


Relatively fixed. 

Binary. Decreasing 2A. 

Relatively fixed. 

No change. 

Binary, period 727. Widening to 1"-0, 1950, 
Relatively fixed. 


Polaris, the N. Pole star*, A well-known test, 
Little change, ifany. 4° wslightly p ( 


INTERESTING OBJECTS. Maps 1 & 2-— Continued. 
(CIRCUMPOLAR, NORTH), 


Variable Stars. 
Erocuo 1950. 
RA. Dire. Var.of mag. [| Spectrum | Period 

RZ Cassiopeiz 444m) 4 69° 20" 64-73 | A 1:19 days | Algol type. 
1 ae 2475 | +68 41 || 59-63 Fo | 1:95 ,, | Cepheid type. 
T  Cephei ai as | wes ty |] 55-95 || Me | 301 ,, | Long period variable: 
Vv . (93 540 | +82 55 || 62-71 A | 360 ,, i 2 
Kk (Ursa Majoris 10 41-4 | +69 3 60-130 || Me 305 + . 

Nova. 


Nova 1572 Cassiopeie. 0" 22™-0, 4 65°53", 

The new star first seen by Tycho Brahé on Nov, 11,1572, when it was brighter than Jupiter, then in opposition 
and near perihelion. It soon became as bright as Venus, and was seen by some even in broad daylight. At the 
end of the month, it began to fade gradually, and underwent a succession of changes in colour—white, yellowish, 
ruddy, and finally leaden. At length, in March 1574, it ceased to be visible, Tycho's instruments were too rough 
for him to determine ita place with great accuracy, so that it is uncertain whether one of two faint stars, near the 
position that he gave, is identical with the Nova. 


Nebul2 and Clusters. (Maps i and 2) = (Uulettered Nos. are those of the N.G.C.) 
995, H.VIUL 78 Cassiop., 0° 40" 6, +61°31’. A fine cluster, somewhat W shaped. Half way from y to x. 


581, M103, - 1) 20m -8, +60°26', Beautifal field 1°fand slightly N, of §: contains [131] anda red star. 
663, H.VI3l a 1842-5, 461° O* A fine open cluster, visible in finder. Includes 21553, 
T6534, M52, » gdh 2om-0, 4+61°19. Irregular cluster about 20° diam., containing an orange star. 


6543, H.IV 37, Draconis, 17" 58" -6, + 66°33, Planetary nebula, A remarkable object: very bright oval dise like 
a star out of focus, with a central 9° 6 star, Bluish; nearly at 
the N. Pole of the Heliptic. 


3031, M81, Urse Majoris, 9°51" 5, + 69°18 Bright, with almost stellar nucleus grouped with small stars: Spiral, 


with rather faint arms, 


S034, M82, i 9° 517-8, + 69°58. A narrow curved ray 7’ x 1'-5, with rifts. Really a Spiral seen almoat 
edgewise. Within {" of M81, which is included with a very low 
power. 


0322, H.I 256 , 1s 47™9, +60" 25°. A bright, roundish nebula, with a brighter central part. 


* Polaris, Easily found by the Pointers (a and 8 Ursm Maj.), 1° from the N, Celestial Polo in 1950; nearest in 2095, within 26, 
It is easy with 24 inch ; companion bluish, The large star is a spectroscopic binary and slightly variable. 














MAP | 
ANNO 1920. 


ABBREVIATIONS 

Greek letiar Co @ eter) Bayer's deslgration. 
Senall Goren letter , - “ 

» tagliaie jo Po ower) Variable eters. 
Mumber only (lao ater) Flocratend’y number, 

te [io eet) Gerd blerschel’s Alo (Pew Bij 
Mumiqramdqclicnd (ita tor) Plates Me. 
Aumber with defile » Sir W, Herechals ‘ 

te right oF (eet) | minibar eed cloae. g 


Gumkap'e numer 
EB Eapin and Sirringham's nome, 
8 GoW, Herschel ae number, 

f Gee a, Plerecten!'s mourn, 

dace Jacob's puma, 

Len Laowdlle's number, 

Li Lafenee a sami. 

M Measles nebula sumer. 

Of tee Struve's number 

OLT Pulkuwa Gat, Pi. il, Ma, 

Ror Ru. (erssll, in stars 


ot. : 

ZF. Gtruve's rurieer, 

Ti Do, Appdie | do, 

Wor Var, (ermal, to ear) 
= Woriabia ster. 
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Double Stars. 

ErocH 1950. 

R.A. De. 
36 Andromedze) O° §2"-3) +99" 22’ 
r " 2 Of |+42 6 
O2500 ,, 23 351 | +44 9 
S302, 23 493 | 437 387 
23050, «= | 23: 56-9 | +33 97 
41 Aquarii 23 115 | —21 19 
ch " 93 959 )-17 0 
7 n 29 952 |- 0 17 
o4 " 33 16-4 |-13 44 
107 1 O39 454 |-—I18 57 
I Arietis 1 47-4 |+23 2 
7 cr 1 Gre | +19 3 
\ Cassiopeiz | 0 29-0 | +64 15 
y a 0 46°71 | +57 33 | 
or = 83 664 |+55 29 
8 Cepheid | 22 27-3 | +58 10 
42 Ceti 1 178 |)- 0 46 
p  Eridani | | 37-9 |-56 27 
a Gruis 93 40 |—49 48 | 
A246 a3 644 —o0 5&8 
S2894 Lacerte [99 16-7 | +47 31 
E2877 Pegasi | 29 11-9 | 416 57 
=2878 2219-0 |/4+ 7 44 
43 EA 99 21°92 | 420 36 
a4 'F 22 on “fe 4 & 
oT * a2 3274/4 4 11 
E ni 2 44-2 | 411 55 
a3 . (29. 56-7 | +11 27 
At tn 29 70 + & a4 
is = 23 414/429 6 
8 Phenicis 1 39 | —46 59 
¢ « «6 2 S| 55, 91 
i ~ M3 36-8 | —46 55 
35 Piscum | 0 12-4 |+ 8 33 
55 - 0 37-3 |+21 10 
” | 1 11 | + 7 19 
a "W 1 G94 | + 3 31 
8  Piscis Aus.) 29 98-7 |-32 36 
y i 22 498/33 7 





INTERESTING OBJECTS. 
(R.A. XXIL Hes. to ll. Hes. Dec. GON. ro 60'S.), 





45, 


| 4:3, 10-5 |] 240° 


«. [viat. 
OG 





63". 236 
306") 35: 


179° $04 | 


ti ‘a i 


] eine 
1934 
“0: 1084 
‘| 1998 
“] 1922 
“§: 1926 
9 1924 
F193 
| Relatively fixed. 
| PLA increasing. 


Date 


1938 | 
“e21087 


Loa7 | 


: 1925) 
2/1931 
1035 


9 1026 
‘7: 1926 
‘8: 1D24 
1035 | 
1922 
971996 


851937 
gs 1924 
‘61032 
T1036 
111926 
01924 
"oh 1998 
m2 1986 
8 1935 
“4104 
41097 
8 1985 
13-1993 






1921 
Loan 


1918 
1926 | 
Loss | 


| Little change, A is variable, 
||| Relatively tixed. 


| Relatively fixed. 
| Orange and blue. Relatively fixed. 
| Little change, 


Maps 3 & 4, 


Notes 
Binary, Period 124 years. np. 7, 
Gold and blue. Magnificent object. 
Very close binary, P.S5y. Closing till 1945, 
Binary, [Widest 0-6, 1971. 
No appreciable change, 
Binary. /.A, increasing, distance decreasing. 


Little change, 

Binary. 

P.A. slowly increasing, distance diminishing, 
Slow binary. 2P_A.and d.decreasing. Test for 
Relatively fixed. Yellowishand blue,  [2-in. 
Slow retrograde motion ; increasing distance. 


Test for 2-in. telescope, 
Eeautiful fixed pair. Fine for amall telescope. 


Binary. Increasing PA. 
Binary of long period, 500+ years. 
No change. Grand low power field. 


Yellow and blue: A is variable, see footnote, 


Direct angular movement, 
é.pm, 


Binary, period 219 years, Distance increasing. 


JA, increasing. 
Little change. 


Relatively fixed. White and blue. 
Multiple system; distant stars mags, 10.and 11, 


Optical, Distance increasing from p.m, 

Long period binary, #.4. slowly decreasing, 
B has 11 mag. comes at 2°-9 distance, 

PA, and distance slowly decreasing. 

Little change. 

Binary, with orbit in line of sight, Widening. 
PA. slowly decreasing. [2 abt. 150 yrs. 
Close double, /.A. increasing. 


Binary. P.A.decressing. 11th si tah neal 


Relatively fixed. Be for 2-in, 
Pale green and blue: PLA. and d. 


Relatively fixed, 
PA, slowly decrensing. 
Relatively fixed, 


diminishing. 


INTERESTING OBJECTS. Maps 3 & 4-— Continued. 
(h.A. XX. Are. to ll. Hes. Dec. 60'N. tro 60°S8.). 


Variable Stars. 
ErpocuH 1950. 
R.A, Dea. Var, of tag, | Speetrum) Period Notes 
Ro Andromedx Qh 2im-4) +398" 18°) 56-149 Me | 410days | Long period variable. 
KR sAquarii 23 412 | -15 33]} 60-11 || Me 380 ,, a ‘ 
a Cassiopeia 0 376 | +56 15 22-01 Ko a Irregular variable, 
R S 23 555 | +51 7T]) G:3-12 Me 432days | Long period variable. 
& Cephei * 22 273 | +58 10]) 3°6-4-3 G | 537 , | Cepheid, Tm. comes at 41”, 
T Ceti 0192 | -20 20] 51-70 | mb ac | Irregular type. 
B Pegasi 93 13 | 497 48 |) 29-97 | Ma > | = 7S 
Rs Sculptoris 1 27 | —-$82 40] @2-88 | WN 376days | Long period variable. 


Nebulz and Clusters. (Maps 3 and 4) (Uinletiered Nos, are those of the N.G.C.) 

224, M31 Andromeda, 0°40" 0, 441° 0. The ‘Great Nebula in Andromeda," visible as a hazy spot to the naked 
eye. Long, oval, and brightening towards the centre, with almost 
star-like nucleus; photos by the 100-in. telescope resolve the 
outer parts into stars, Assuming ‘red-shift’ as due to velocity, 
like all other extra-galactie nebulm it is receding, though ap- 
parently approuching owing to the Galactic rotation. Distance 
700,000 - 800,000 light-years; it is the nearest Spiral except M33 
in Triangulum, which is probably rather nearer, 

7662, ELIV 18, Androm. 23° 25"4, 4+42"12’, A remarkably bright, slightly elliptical, planetary nebula, $2" x 28”, 
bluish, With a low power almost starlike; in a 10-in. telescope 
the dusky centre makes it annular. A 14 mag. nucleus is visible 
in very large telescopes, and clear in photographs, 

457, HLVIL 42 Cassiop., 1" 16"-0, +58" 3. A condensed cluster of moderately bright stars 18’ in diameter. 
Attending , which is, however, probably much nearer us than is 
the cluster, 

7789, H.VI 30) ,, «= 23" 54-5, + 56°26. Between pands, A large cluster of very faint stars. 

7243, H.VIIT 75 Lacer, 22" 13-1, +49° 38. A fine, open, irregular cluster, followed by a beautiful field, 

650, M76, Perse, ... 1538-3, +51°20'. A double nebula, like the ‘Dumb-bell Nebula’ in Vulpecula (Map 13), 
but much amaller, Tt ism gascous nebula, and therefore belongs 
to our System, 

598, M33, Trianguli, 1) 31"-0, +30° 24’. Very large, faint, ill-defined nebula: central portions the brightest ; 
irregular nodosities give it a curdled appearance, Use very low 
power on a dark, clear night. Spiral in photographa, 


* a Cephei This star is typical of Class TV. short-period Cepheid variables, Its magnitude varies from about 3°6 to 4-3 
(range O'7 mag.), and its period is 537 days. Its rise from minimum to maximum occurs in about 14 days, and is, therefore, 
more rapid than its decline, which occupies about 4 days, and is not uniform, but subject to slight oscillations, These changes 
are repeated with great regularity. The variations are thought to be duc to pulsations in the atmosphere of the star, but the 
cause of the variability is atill in doubt 
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INTERESTING OBJECTS. Maps 5 « 6. 


(R.A. Il. Has. ro Vi, Hea. 


Double Stars. 

ErocH 1950, 

BA. Dew, 
59 Andromedm| 2" 7"°8 | + 38° 48° 
80 2 341 | +24 26] 
Pe | 2 66-4 | +21 
62 S 26 | +25 
ce 4 65°38 | +47 | 
lt GB 132 | 432: % 
ii 5 663 | +37 
7 5 26 | —35 
l | £ 28-1 |) 453 
66 | 2 102)- 2 
/ 2407 /+ 3 
h3627 Eridani 2 414 | -—40 
é 2 564 | —40 
pa 3 09 |)= 7 
hsoh6 o lO? | 44 
J, Al6 3 46-6 | —37 
aa 3 618 )/— 5 
39 4 129 | -—10 
55 4 412/)- 8 
‘ 5 100 | -—11 
« 5 109 |-—13 
8 5 26-1 | —20 
a 5 303 | -17 
p 5 107 /+ 2 
B 5 EE) =-3 
" | b.239.)-—'3 
oo 6 386 )4 3 
& hb 20a |} = 0 
A | 8 32-4 /)+ 9 
é 5 33:90 |- 5.3’ 
i 5: 330 |-— 3 
r | & $64 )/- 2 
¢ 5 $83 )- 1 
52 5 45-3 |+ 6 4 
y 2 47'0 | +55 
20 = 50-6 | +38 
“ 3 $45 | +39 
i 4 49-3 | -53 
2423 Tauri 5 943 | + 0 
x 4-105 | +95 
2859 4 30°6 | 417 
a 4 53-0 | +16 
2572 4 354 | 4296 
118 5 26-3: | +25 
\ Trianguli | 2 96 '4 50 


| 6-0, 6-4 


} S1, 8:3 


70, 71 





50, 64 


Maga, 
G7, T2 
61, T-1 
49, St 


40, 85 
5G, 10-0 


a6, 64 


60, 8-2 
57, 78 


10), 11:2 
6-5, 65 
58, 6-6 


| Br 
| 1577: 
| 207°: 





Pua. | That, 


35°: 16"-6, 
974°: 38"-7: 


118"; 8-2: 
QO: 1h: 


aay 


|| 357°: 


ss 
225": 145: 


Dec. 60'N. To 60'S.) 


Notes 
Relatively fixed, 


White and blue, Relatively fixed. 

1922 | There is a 10-2 mag, star at 110"; d, 25" (1915). 
1936) Test for 3-inch telescope. 

1922) Triple, 


Date 
1ie3 


1820 


PA. very slowly increasing. 
11 mag. star at 11"°] distance. 


1935 
1923 | 


332°: 981924] Test for 4-inch telescope. 
310° 3-9 1945 
308” 10"-2 1924| Relatively fixed. 
232° : 16"*3 51995 Yellow and blue. Relatively fixed. ¢p.m, 
202") S°-0:19a5| $7 may, star yellowish, Little relative move- 
49" 2"-0 1980 ss aes ira ener 
87"; 82i1gg4| Very slow inerense of PA, 
84°: 2 0:1993) Little change. 
208". 8"*1:1926) The 5:9 star is a close double, 0"-5 (1926), 
209°: 7"8 1919) Pd. slowly increasing, 
e47°: 7°00: 1982) Topax and green. Fine contrast, 
148": 4-5: 92g) Little change. 
$17*, 9S 1923) Relatively fixed, 
335° 128 1903) Relatively fixed. 
560°. 2°: 1986) Yellowish and bluish. Relatively fixed. 
413°; 2°65 1926) PLA. increasing, 
L5G", 35"5 1920) Fine field. 
63°: 70 1921| Nochange. Other stars in field, 
22°: 9"-4'1925) Rigel. The attendant is bluish. Test for 2-in, 
Ta; P45 1997)| Pa. slowly decreasing. Test for 4inch. 
26°; 2°05 1922) Relatively fixed, 
360° 52°-8: 1922) Relatively fixed, 
d3°; 42) 1934) Relatively fixed, Very fine region, 


14)" 114: 
caets 


uae 8 
B01" 284. 
937° 14-0. 
10". 90. 
58" 120. 
6". 
an 199: 
aT7* 3°-0: 
gat ay" 


‘8! 19299 


‘1998 


The Trapestum in Orion. Two other stars a 
Relatively fixed. Nebulous glow. |test for 4-in. 
Fine group with striking colours, § starsin4-in, 
PA, slowly inereasing, Test for 2-inch, 

Test for inch teleseope. 


1925 


1934 


1625) Yellow and blue. Several fnint comites, 
1917) Closely  16Persei. Teat for $-inch. 
1924 wee eae i= 


Relatively fixed. 


1924 Slow change. Probably « binary. 

1924 Relatively fixed. 

we) ake re zt 

1023 Aldeheran, Distance increasing from p.m. of A. 


ToT 


‘11937 PLA, decreasing ; distance increasing slowly. 
‘8: 1929) PLA. very slowly increasing, 





Yellow and blue, Fine pair. 


—_—— 


Ee ee 


INTERESTING OBJECTS. Maps 5 & 6 — Continued. 
(R.A. Il. Here. To Vi. Here. Dec. 60° N. to 60'S.). 


Variable Stars. 
ErocH 1950. 
E..A. Teo. Var.of mag, , Spectrom Period Notes 
« Anrige 45 58m-4) +49" 44°) 33-41 Fiip 27'l4 yrs. | Spectroscopic Binary. 
o Ceti 2 168 | — 3 12 L:7-9°6 Me S3ldays | Mira, Long period varinhle.* 
Ki sLeporis 4 573 | =14 63 60-104 N 430 ,, Hind's ‘Crimson Star.’ 
a Orionis 5 525 | + 7 Ob-1'1 M1 ai Hetelgewse. Irregular variable.t 
U en § 529 | +20 11 b4-12-3 Me 374days | Long period variable. 
p  - Persei §$ 20 | +58 39) 33-41 M2 a Irregular variable. 
B . $ 40 | +40 46], 23-35 | BS | 287 days | Algol. The typical Algolid.t 
A Tauri 3.678 | +12 20 |) F3-4:2 BB 6 39 =C,, Algol eclipsing type. 
RO Trianguli 2 340 | +34 Si] 58-120 Me ! 270 ,, Long period variable. 





Nebula and Clusters. (Mapss and 6) = Unletiered Nos. are those of the N.G.C) 
1912, M38, Aurigs, $4 25" -3,+55°48', A striking, loose, cruciform cluster, in a glorious neighbourhood. 


1960, M136, # 563g"), 404° 7, An open cluster of stars of mag. 8-14, regularly arranged. 2° Aurige. 
2099, M37, > fe49e-0, 492°33'. Fine open cluster. Ruddy 9th magnitude star near the centre. 
1068, M77, Ceti, 2 40™-1,-— 0°15. Small, round, faintish nebula, centrally condensed. 1° f 4, slightly 8, 


1976, M42, Orionis, 5e82=-5,-— 6°25’, The Great Nebula in Orion, visible to the naked eye as @ Orionis. 
A greenish, irregular, fan-shaped mass, best seen with « low power. 

With higher powers, the bright ‘Huygenian' region shows a 

mottled appearance ‘like the breaking up of a mackerel sky’ 

(Sir J, Herschel), Includes the *Trapezium' (see previous page), 

869, H.VI 33, Persei, 2h 17-2, +56" 55". a magnificent clusters, visible to the naked eye, and fine objects 


see even in small telescopes; the diameter of cach is about 45’. 
884, VI dd, ah 2064, +56" 5S, There is a fine ruby star near the centre of 884, 


1039, M34, “; 2h 38" -8, 442°32, A fine loose cluster, just visible to the naked eye; it contains the 
double star O244, A low power is required to cover the large field, 
1435, Tauri, 3) 457-2, 423°37. Faint nebula, near Aferope in the Pleiades—a cluster which requires 


a very large field; well seen in finder, Ordinary eyes see six or 
suven stars, but some can count many more. 


1952, M1, Tauti, S431" -5,+21"59', The Crab Nebula,’ near ¢, o faint, oval, gaseous nebula, Ita serrated 
outline is visible only in large instruments, Discovered 1751, 
and forgotten; its redisoovery by Messier in 1758, led him to 
make his catalogue of 103 nebule. 


* Mira, ‘The Wonderful.’ Tt wasseen aa a new star for a few weeks by Fabricius in 1596, and by Bayer in 1608, who eataloqued it aa 
o Ceti. Tt isinvisible exoopt in w telescope for about 4 months, sinking ton minimum of §°6 to $d mag.; then it becomes visible to the uaked 
ere for about 6 months, rising at maximum usually te ard or 4th mag, but sometimes to Sth or 2nd mag. [ta rise is more rapid than ite 
fall. At maximum the light increases some 1400 times, apparently aa the reault of outbursts of hydrogen gaa. Mean period 380 days, with 

+ Hetelgeuse is one of the reddest of the bright stars, Ite angular diameter, measured by the interferometer with the 100-in, telescope, 
ja about 0" °045, giving an actual diameter of about 300,000,000 milea—large enough to include ensily the whole orbit of the earth. Since 
the mensures vary, it appears that pulsatory changes in the star's diamwoter may be connected with its varialdlity, Betelgeuso has a mean 
density about 1 millionth that of water or pqpq that of air. ; 

+ Algol, Ite name, ‘The Demon Star,” suggests thot ite variebility was known to the Arabs centurins ago. It ie typical of the ‘ dark- 
eclipsing’ variables, Its magnitude for about 2d. 11h, is substantially constant at 23, but with a slight secondary fall ond rise, of yy ming, 
at half-way ; it then decrenses rapidly to mug, 3'5 in abowt 6 hours, and in another 5 hours regains ite original brightness. Period about 
69hours. The change of light ie due Lo two eters, one bright, the other faint, very close together, revolving rourul their common contre of 
gravity, and mutually eclipsing each other, A third star is included in the system, 
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INTERESTING OBJECTS. Maps 7 & 8. 
(R.A. Vi. Has. To X. Hes, Dec. 60° N. to 6O'S.). 


Double Stars. 
Erocn 1950. 
| FA. Dec, | Mage. - Dist. Doe) Notes 
{) Antliz 9" 28"-6) —31° 40") 50, 67 "; 82.1019! Relatively fixed, — 


41 Amiga | 6 O78 | 448044 78 193g] Relatively fixed, apm. 





savas, G@ 123 | 436 10 | 60, 70 11"2: 1924) Relatively fixed, 

bd 6 364/428 19 | 60, 78) 36° OO 1997] epom, 

! 2 ? Ji | 4 Binary, ?. 60 years, Widest 1°*1 in 1960, 
&  Caneri 8 93/417 48 | 50, o-7 OMT 1997 + ‘Third stan be car ab S" dtadine 

wD iy 8 237 | 424 42160, 71 8-0 1996) 2A. slowly increasing. d. constant, 

qt 4 8 238/427 6 1 6-3, 63 | 216") 5-0-1994) Little change, 

iL se 8B 43-7 |4+28 57 | a4, 65 " $0"-7 51622) Yellow and blue: fine contrast. No change. 
BT e 8 512 | 430 45 | 59, 6-4 ") 14-1087) PLA. slowly decreasing. Test for 4-inch, 

ee: 8 58:3 |4+32 27 | 6-1, 82 - $5 1993) Relatively fixed. 

vl Canis Maj.| 6 $42 |—18 37 || 6-0, 8-0 || 263" 177-5! 1926) Relatively fixed. 

a ms 6 43-0 |—16 38 | -16,8-4 9711931) Sirius, The Dog Star, Widest 11-5 in 1973.* 
ls : 6 53-8 |-13 59 || 4-7, 8-0]339") 9”-0'1926) Yellow and blue. Little change. 

€ s 6 567 |-—28 54] 176, 80 “; @'721026) Relatively fixed, . 
755 Coumbe | 6 33-7 |—36 44 | 61, G8 | 257" 17-9 1925] 11-2 mag, star at 21” distance. 

90 Geminorum|) 6 29:4 | +17 49 | 6-0, 6-9 || 211" 200-1922) Yellow and blue. No change. 

38 » | & S88 |4+13 18 | 54, 77 - 67/1922) P.A, decreasing. Inerease in distance, 

x 7 15-2 | +16 38 | 32,103 / #0 1914) Relatively fixed. Light test for 3-inch, 

6 8 7 171 |4+22 6 ee, 8-2 : 67,1925) 32 mong, star is yellowish, Test for 2-inch. 
a ‘i | 7 314/452 07:20, 2-8) © 3951987) Castor, Very fine object.t 

K _ | 414/424 31 1 40, 83 ; G'S 1024 Relatively fixed, Delicate pair. 

E1245 Hydra 8 392 /+ 6 48] 60, 70 107-2 1936 | I‘ wp 6 Hydra, Relatively fixed. 

€ * 8 442 )4+ 6 36] 38, 78 : $'0:1020) PA. increasing. A o close 15 year binary, 

0 " 9 11:8 |+ 2 32 ] 50,108 383 1924) Distance decreasing. Light test for 3-inch, 
»  Leonis 9 95:5 /+ 9 17 159, 67 : or”) 1926 Close binary. Period 117 years, 

4 a 9 95-8 \4 8 24 | 6-0,10-7 257-7 :1008| Light test for 4ineh telescope. 

6 a 9 293 )+ 9 50 7 5-0, Ob ST 4 1021 bes vee a 

4 Lyncis 6170 /+59 24) G4, 79 ie O"-8 1924 Direct movement. Orbit doubtful. 

12 as 6 41-8) +59 30] S291, AZ 1926) 5-2 and 6-1 form a binary; very long period, 
19 * 7 188 | +55 231 5-3, 60 | aT 199a Relatively fixed. [retrograde, Test for din. 
BIB wy 7 251 +48 17] 62,102 || 94° 1771 1906 | Light test for stinch telescope, 

38 = 9 158437 1] 40, 67 "20 1920 | Pd. decreasing. 

8 Monocerotis) 6 21-1 + 4 37 | 40, 67 13-2 yoga} Yellow and blue. Grand low power field. 

11 eS 16 24)/- 7 OF S455 ' 4 1sge| Beautiful fixed triple star, 

A23 Puppis | $5 |—48 ar | 70, ra] a2, x78 star] Biowry, Dinwot movement 

k a 7 36-8 |—26 41 | 45, 46 97-0 1087 Relatively fixed. 

a " 7 432 |-14 34] 6-2, 70) /16"-9 51923 or ote vee 

5 ” 7 406 )-12 47 53, 74) ; si 1980 | PA. diminishing slowly. Test for 32-inch. 

t Urse Majoris) 8 55°58 | +48 14 | 31,104 7-4 198g P.A.inereasing, d.decreasing. Test for 4-in. 
$ ” 9 487 | +54 19 | 51, G5 05 1926) Binary, Period 112) years. 

é Velorom 8 43:3 |-54 31] 90, 66 30 1998 10th mag. star at 69° d, makes with A., h4136. 
H 1 8 54-5 |-62 32) 49, 77 : 2-7! 1997 | Fine contrast in colours. 

h4165 He 9 O28 |-51] 59 ] 56, 71 > 13 1995 | Pd. slowly increasing. 

¥ » 9 288 |-40 15 | 38, 56 04-1934) Binary, Period 34 years, 

h4220 8 32:0 '-48 47] 5:8, 6-4 2"-1 1925 PA. slowly increasing, 


INTERESTING OBJECTS. MAPS 7 & 8-— Continued. 
(R.A. Vi. Hee. To X. Hee. Dec. 60'N, To Go's.) 


Variable Stars. 

Erocn 1950. 

R.A. Den, Var.of mag. || Spectrum Period Notes 
RT,48 Auriga G" 25"-5 | +50° 33°] 49-59 | «@ 3-75 days | Cepheid variable, 
RO oCancri 8 13-7 | +11 53 6-0-1153 Me 362 ,, | Long period variable. 
R Canis Majoris 7 172 | -16 18] 59-67 || F 14, | Algol type. 
9 «©9Geminorum 6 119 | 422 St oo - 42 M1 231 .,, Long period variable, 
¢ pS 7 14: | +90 39 37 4-3 G 102 ,, Cepheid variable. 
R ws 7 #43 | +22 48 $9138 G 370, Long period variable. 
R Leonis: 9 449 | 411 40] 50-105 || Me | 312 ,, = ” 
Kk Leonis Min, 9 476 | +34 45 6-2-1230 Me 370 ,, a - 
T Monocerotis | ¢ 22s | a7 F fee - 6-8 Gh 27°0 |; Cepheid variable. 
L! Puppis f 12) | - 34 | -46-6-3 Me 140, Long period variable. 
Vow 7 O67 | -49 «6 41-49 Blp | 145. ,, Lyrid type. 





Nebulz and Clusters. (Maps 7 and 8) — ( Wuletiered Nos, ave those of the N.G.C.) 


2632, M44, Cancer, 9 8°37™-2, 420° 10, Frampe (the Beehive) of the ancients. A large scattered cluster 
almost resolved by the naked eye; contains some orange stars. 
Best seen in finder, or with very low . power, 


2682, M67 + Bh48"'5, +12" 0, <A roughly circular, open cluster of faint stars, diam, 27’. Low 
power object. 

2287, M41, Canis Maj, 6° 44"-9,-—20°49.. A fine open cluster of bright ators in curves. Just visible to the 
naked eye. There is a ruddy star near the centre, 


2108, M35, Geminorum, 6% 5™-7,+24°21'. Fine open cluster of bright stars in streams, with many fainter stars, 
Between ¢ Geminorum and ¢ Tauri, « little to N, 


2392, HIV 45, 726" 2, +21" 2. Oval planetary nebula, about 25” in diameter, with 9-5 mag. central 
star. 


9244, H.VIL 2, Monocer. 6* 300, + 4°54. Benutiful open cluster of Tth to 14th mag, stars, visible to the naked 
eye. Includes the 6th mag, ‘giant’ yellow star 12 Monocerotis, 
probably nenrer than the cluster. 


2506, H.VI37 . 757-5, —10°37'. Fine clond of faint stars, mag. 10 downwards in grand region, Beat 


seen with low power. 


2437, M46 0s Puppis, «= 7" 39%5, — 14°42. A beautiful cluster of small stars, about 30’ in diameter. On ita 
northern edge is the irregular planetary ring nebula 2438, 


2440, HIV ,, 7 $9™-0,-18° 8. A bright, bluish, planetary nebula, in a rich neighbourhood, best seen 
with a moderately high power, A 10th mag. ruddy star follows. 


* Sirk. The brightest star. Between 1534 and 1644, Bessel found that it had wavy irregularities in ite proper motion, and came to 
the conclusion that the visible etar must be revolving round the centre of gravity of itself, and an invisible cotipanion star, in a period of 
about 60 yeura. The comes, of about &th magnitude, was diseqvered by Clark in 1862 near ita predicted place. Unless atmospheric con- 
ditions are good, it is difficult, or impossible, to eee It even when widest, though it is sometimes visible in a 4-inch telescope, In 1804, when 
closest (about 2") the faint star was invisible. It was next seen by Burnham in 1896 (ad, $"°8), and widened to ite maxitnum distance og 
116 about 1925. [tis now (1989) rapidly closing, and from 149 to 1960 will be invisible in all except the largest telescopes, The comes 
iso ‘white dwarf’ (Spectrum about F7), only about 1/10,000th as bright as ite primary, but with amass fas great, Ite density is 36,000 
times that of the Sun, or 50,000 times that of water. Its diameter ia only about 26,000 miles, but it contains almost a4 much matter aa 
the Sun, whoee diameter is 864,000 miles. Vyswoteky (1030) obtained different resulta, a mean magnitude of 7*1,a diameter of 48,000 niles, 
anda density only } of that usually adopted. 

+ Castor, A very fine double and ‘binary ater, in elow retrograde motion, with a perind of about 250 years. The component stare 
were at their widest distance apart, 65, about 1880; they are now closing and will continue te do eo for same years, Both of the stars are 
spectroscopic binaries, with poriods of about ¢and 9 days respectively, A third faint star, also a close binary, forms part of the sume «yatem, 
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Double Stars. 
ErocH 1950. 
BoA. Der. 
1 Bodtis 13°38™-3| + 20° 12° 
£1606 CanumVen.) 12 8-2 | +40 10 
a - 12 19-6 | +40 56 
4W =, 12 59-7 | +38 35 
25 es 13 35:2 | +56 33) 
h4409 Centauri | 11 50 | —42 22 
I 768 chy 11 31:3 —40) 19 
D a 12. 1h4 | —45 287 | 
y re 12 38:8 |—48 41 
0 ii 13 38-5 |—54 18 
N 43 19 48-8 |-52 34 
k i 13 48-0 -s2 45 
h Ht 14 He a —31 41 | 
¥ 'F 12 506 —35 26 
9 Comm Ber) 12 1-7) 421 44 
E1639 Si, 12 21-9 | +25 52 
24 = 12 52-6 | +18 39 
35 a. 12 50-8 | +21 31 
8920 Corvi 19.192 |)-23 4 
A " 12 3743 |-16 15 
21669 ~— i, 12 3&7 |-12 4 
# Cruca |19 S17 |-56 54 
N Hydre 11 998 |-28 59 
B - Il 50-4 |-53 38 
OE215Leonis | 10 18-5 |4+17 59 | 
¥ wP 10 173 430 6 | 
49 - 10 $25 )+ 8 55 
nd * 10 52-9 |4+25 1 
t + ll 21-3 | +10 48 
a3 3 1l 24-3 |+ 3 17 
88 = ‘11 29-9 |} +14 39 
35 Sextantis |10 408 /+ 5 1 
41 os 10 478 |- 8 38 
& Urs# Majoris 11 15°6 | +31 50 
v Ps ll 158 |+33 23 
¢ = 18 21-9 |4+55 11 
a Velorum | 10 29°83 |—44 49 
pt - 10 44-6 |/-49 9 
21627 Virginis (12 154 |-— 3 40 
17 " 12 200 |+ 5 $5 
r ‘ 18.391 }= 1 10 
0 2: 74/- 6:16 
81 ¥ 13 350 |- 7°37 
Bd tt 13 40°68 + 3 fT 
£1788 =, 13 624 — 7 49 





INTERESTING OBJECTS. Maps 9 « 10. 
(R.A. X. Has. To XIV. Has. Dec. GON. ro 60'S.). 
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197: 
16: 


} 260" 


228" 
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a4 
245% 
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164". 
age" 
110°: 
186°: 
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237°: 
332" 


271" | 20° 


118° 


Ia | 
Q12"; 
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19: 
1-0) 
ba | ; 
Or5. 
5S i 
118*-1; 
6 
“1919 
“251927 


1984 
21097. 
1922 
19387 


) Pd. Diet, Date Notes 
7.1926) PA, slowly decreasing. Stars bluish. 


1925) PA, decreasing. 

1925) Relatively fixed, 

1925) Cor Caroli, Relatively fixed. 

Mife) Binary, period 220 years, JA, decreasing. 


PA, slowly decreasing. 

Littie change. 

Relatively fixed. 

Binary, period 80 years, 

Relatively fixed, 

Relatively fixed. 

Little change. 

Relatively fixed. 

PA, increasing. 

Little change, 

Binary, P. 361 y, Widening, P.A, decreasing. 
‘Yellow and greenish white. Relatively fixed. 
Long period binary. P.A. increasing. 

P.A. is increasing. 

Relatively fixed, <A is yellow. 

Slow increase of PA. 


Relatively fixed. 





1926 
1837 
1826 
1ots 
1015 
1919 
1p22 


2.0, Th 
PA. slowly increasing. 


PA, decreasing. 

Binary, P.407y. 2.4. ond distance increasing, 
Little change. 

Slow increase of PA. 

Binary of uncertain period. Closing, 
Relatively fixed, 

Yellow and lilac, ¢p.m 

9-0 magnitude star at 63" distance. 


Little change. 
Little change. 


Binary, P.G0y. Closest 0'"-9in 1935. Widen- 
Relatively fixed. [ing to 2-9, 1980. 
P-A, slowly decreasing. Comes variable? 
Misar, Naked eye pair with dleor, 


Relatively fixed. | 
Closing; PA. inereasing. Fine contrast. 


Relatively fixed. 

Relatively fixed. 

A splendid binary star.* 

Test for d-inch, 10th mag. star at 71" distance. 
‘Relatively fixed, 


1824) Tost for 3-inch telescope. 
1927" Binary. P.d. increasing. 


INTERESTING OBJECTS. Maps 9 & 10 — Continued. 
(R.A. X. Hes. To XIV. Hee. Dec. 60'N, ro 60°S.). 


Variable Stars. 

Erocu 1950. 

R.A, Dec. {| Var.of mng. |] Spectrum Period Kotes 
KR Canum Ven, 136 46" 8) 439° 47 |) 61-125 Me 333 days | Long period variable. 
» Carine 10 43:0 | —59 25 |>10-78 Peo. | _— ory Argis, Irregular.t 
T Centauri }13 589 | —33 21 52-100 Me 90 days | Long period variable. 
U Hyde }10 35-1 | -139 Ti) 45-60 || N a Irregular variable, 
RK " 1$ 269 | —23 1 4-0- 10-1 Me 415 days | Long period variable, 
wg 13 462 | -298 7] 65-80 |] Me | 384 ,, x 
T Urse Majoris 12 S41 | +59 46 55-131 | Me 254 ,, e Es 
RVirginis (12359 | + 7 16) 60-120 Me 145 ,, os = 
5 “ 13 304 | — 6 56 56-123 Me $72 * wi 


Nebulz and Clusters. (Maps 9 and 10) ( Unletiered Nos, ore those of the N.G.C.) 
4258, H.V 43,Canum V,,12°167°5, +47° 94. A large pear-shaped nebula, with nucleus in the southern part. It 
is actually a Spiral with two main arms, and many condensations. 
5055, M63 a 13°13" -6, +42° 18. A bright, oval nebula, & x 3’, with central nucleus, An 8th mag. star 
closely precedes, In photographs it appears as a Spiral, with 
compact whorls. 


5194, M51 ij 136 27"°8, 447° 27. The larger of two nebule nearly in contact. Spiral as seen in 
12-inch telescope. 
5272, M3 + 13" 39" 9, + 28°38’, A beautiful, bright, condensed globular cluster. ‘The outer parts can 


be resolved into stars with a 4-inch telescope, and the whole 
cluster in o 6-inch, with high power. 


3572, A309, Carine, 10°49" °0,—59°25’. The ‘Keyhole Nebula,’ s diffused branching nebula round » Argis. 
Gaseous, 

$3532, A323 = 11 4™-3, - 58°24. A magnificent cluster of stars from 8th-12th magnitude. 

5139, a, Centauri, 10°23" 7,-47° 3. A noble globular cluster, Like a tailless comet, nearly 4th mag. to 
the naked eye. It is 30° in diameter, and contains thousands of 
12th and 15th mag, stars, 

4501, M88, Comm Ber. 12"29"-5, + 14°42. A long, bright nebula, 1» 7’, with bright centre and condensations, 
Many nebulm in this region. 

4565, H.V 24, 4 12" 33"-9, +26°16". A much elongated nebula, 15’ 1’, with bright centre, and dark 
longitudinal centre streak. The largest edgewise Spiral. 

4896, M64 at 12°54" +3, +21°57'. The ‘Black-eye Nebula.’ A bright, oval nebula, with o dark central 
area of absorbing matter, visible in large telescopes, 

9249, FLIV 27 Hydre = 10"22"-3, -—18°29'. Planetary nebula, 40" % 95", with brighter inner ring. Pale blue 
tint. 2° 5, of mw 

3587, M97 Urse Majoris 11° 11™8, +55°17'. The ‘Owl Nebula’ A large, faint planetary nebula, 3‘ in diameter, 
Large aperture, low power and clear night are required for 
a good view. 


* » Firginds, A fine binary star with a period of about 180 years, [te orbit is very eccentric, In 1780 ite distance waa S'"7, Tt closed 
up till in 1836 (02-05 d.), it appeared aingto in all but the Great Dorpat refractor (f}-in. aperture), which elongated the star. The pair 
then widened, becoming an easy telescopic object, and reaching ite widest (4'°2) about 1020. It ie mow (1939) slowly closing, and will 
again appear single, except in large inetrumente, about the year 2016. 

+ 7 Corin, Et owan seen as a 4th magnitude star by Halley in 1677, aml oscillated hotween that magnitude and 2nd till 1814, when 
it begun to rise, reaching Ist magnitude in 1827. It fell to 2nd magnitude for about 5 years, rose to mug. 0 in 1898, cutahining Aipel, 
faded somewhat, and then, in 1844, beenme mag. —1°0, about as bright ae Canopus, From that maximum it declined till it beoame 
invisible to the naked eye about 1860-68, 7th mag. 1570. Since then it has not changed much in brightness. It haa a peculiar spectrum 
with bright lines, and should, perhaps, be clawed with the Nove. 
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INTERESTING OBJECTS. Maps 11 & 12. 
(R.A. XIV. Hrs. To XVIH. Hes. Dec. 60'N. To GO'S.). 


Double Stars. 
ErooH 1950. 
RA. 
K 4°11™7) +52 
‘ 14:4 
21835 20:9 
a 3a4 
¢ oa:8 
€ 42:8 
a9 48-0 
£ 40-0 
44 2-2 
8 13°5 
pe 22°T 
L5893 Centauri 190 
21-1 
: 37'S 
r 12:8 
17 85:0 
fe 43 
V 31 2 
i 5:8 
¢ oo | 
22107 45-8 
a 124 
8 130 
p 230 
E3915 44-9 
0) 517 
95 59-4 
pe 46:6 
r 17 
je 15+) 
p 226 
a 2R-4 
a} 458-9 
A, 36 12:3 
39 15-0 
T O-4 
E 16 
B 25 | 
v 9°] 
a 5 1&1 | 
i 26:5 | 
219 10°6 | 
5 + 16-6 | 
é 32-4 
B 43-9 | - 
21839 Virginis t 200 
Ds , SB8 








ngs. 

v2 
75 
6-8 
‘o, 60 | 
4°8 
63 
ey 
6-8 
6°1 
74 
73 


BT | 
4:9 
61 


6-0 
51 
, 6 


VO, 60 
0, Oo 
6, 80 
6-1 
To 
| 
79 
a2 
49 


63 


= 
- 


6-4 
6-1 
8 
a7 
6-0 
57 


52 
a2 


237 
$8") 
190": 
LOG": 
133": 
a34°: 
45°) 
13°; 
248°: 
79": 
36° 


161" 


aga" 
804": 
994": 
111°; 
102" 
312° 


6-0 | 


4-8 | 





PA, 


i?’ 


305° | 


206": 
205°. 


bE a 


| a3G": | i | 
:20° 3: 1916 
ST6"3 


372" 


10°) 
-11°-0 1928 
181"; 
265": 


174°) 


7° 


LLO* 


213-2 1925 


Dist. Date 


a8""4 5 1928 
64-1995 
6""8. 1996 
111936, 
o°-8 2 19a] 
8°83 1928 
4°°8 51987 


2'"-6 1997 | 


105" : 1923 
18> 1938 
96 1913 
04 "1937 
6"-3 1925 
5511937 | 


OB: 1925 
2-3 1938 


61" 1924 


29""5 1985 
aa4": 
50": 
1: 
208" i 
S1h": 
289° : 
123°; 
259": 


348°: 

18°: 
150": 
350". 
} 181": 
148" 
180" 


O'S! 1935 
oO”) 1930 
441934 
11"-0: 1928 
$'-8 1926 
OB 1024 
1-7 1924 
62 1996 


1-8 1936 | 
Vb 1934. 
1" 8: 1026 | 


rae 1924 | 
OS 19288 
o” 8 1926 
4°"3 1925 
10°78 | 1025 | 
a)! L936 


19: 71987 
7138) 1925 | 
415: 1925 


WO 1936 
24°23 1936 


a G5 1987 
30"°8 = 1925 


5-9 1926 


4-7 19a | 









Notes 
Little change. 
Relatively fixed, 
Comes o close binary, Period 404 years. 
A «lowly increasing. Probably a physica! pair. 
Binary with very ecoentrie orbit. PF. 130 yrs, 
{ Pulcherrime of Struve. Yellow and blue. 
| PA. slowly Sai Test for 2-inch, 


Binary, P. 152 yrs. ed, increasing to 7” 2 in 1982. 
Binary, P. 205 years. Highly aie orbit, 
No change since 1823, Closing. 
Binary. Period about 230 years, jp! at 109" d. 


= Al59., Relatively fixed, 


Binary, P.42 yrs. Widening to 1"-1 in 1950, 
Beautiful object. Little change. 

Binary. Very long period. 

16 Draconis, 5-0 mag., 90'-4 distant. 

inary of very long period. .A, decreasing. 
“and, «p.m, Fine object. 


Little change since 1622, 
Binary. Period 34 years, Widest 1"-6, 1954. 


Long period binary. Widening since 1900. 
Orange and green; Ais variable, Little change. 
Anoptical pair, Distance diminishing. 

Very slow increase of PA. 

PA, slowly decreasing, 

Gold and blue, 

Very little change in either P.A. or distance, 
Test for 2}-inch telescope. 

PA, decreasing. 


P.A. decreasing, 17:2 mag, star 24" sf, 


Binary, 

Binary, Period 135 years, Closest in 1945, 
Test for @-inch telescope, [tance, 
Binary of very long period; slow change of dis- 
Orange and blue, Fixed optical pair. 

Binary. Period 224 years, 


Binary, P.44)-yrs, 7°2 mag. star at 74, 1925, 
A has o close comes, mag. 8°, at 0'-8, 1927. 
Both A and B are close doubles. 

No change since 1822. 

dntares. Hedand green. No certain change.* 


Relatively fixed. 

Very near the nebula M5, 

Binary. /.A, decreasing, distance increasing, 
Relatively fixed, Test for 24-inch, 


Little relative motion. 
Test for 3-inch telescope, 










INTERESTING OBJECTS. Maps 11 & 12— Continued. 
(R.A. XIV. Hes. Tro XVI Hee. Dec. 60'N, To 60'S.). 
Variable Stars. 
Erocu 1950. 
R.A. Dec. , Var.of mag. » Spectrum Period Notes 

R  Bodtis 14" 35™-0) +26° 52°) 60-130 | Me 222 days | Long period variable. 

34, W ,, 14 412 | +26 449) 62-61 K5 eae Irregular variable, 

R Centauri 14 190 | —59 41 §3-13 Me 560 days | Long period variable. 

5S Coronz Bor. 15 193 | +81 .33 61-12 Me 361 “ fe 

Rt “ 1h 464 | +28 HR-12:5 | Pee =F Irregular variable.t 

i 15 574 | +26 20-95 || Pee oe F a: 

$0,g Herculis 16 #70 | 441 59] 47-60 | Me mi - 2: 

5 we 16 497 | +10 3 5-9 -12-5 Me 300 days | Long period variable 

a zs 17 124 | +64 27 a 1-3-9 M2 ‘ea Irregular variable. 

68,0 » 17 165 | +33 48-54 BS 2-05 days | 8 Lyrm type. 

6 Libre 14 583 | - 8 4-8.6-2 AO 233° 5) Algol type. 

U = Ophiuchi WW 140 | +1 eT - 67 BS 168 ,, | - - 

Y s 17 500 | - 6 61-65 GO vi ce Sues Cepheid type. 

X Sagittarii }iT 445 | -27 4:5-5°0 F8 701 4 = 7 

RR Scorpii 16 534 | —30 §-6-11'5 Me 278 Long period variable. 

KR Serpentis 16 484 ! +15 1] G5 - 13-4 Me | 357 ,, Long period variable, 

Nebulz and Clusters. (Maps 11 and 12) = ( Unlettered Nos. are those of the N.G.C) 

6205, M13, Herculis, 16539" +9, +36°33', The ‘Great Cluster in Hereules'—a grand globular cluster of thousands 
of stars, just visible to the naked eye, about 4 the distance from 
qto¢ Centrally resolved in 6-inch telescope. 

6210, [5N 8 16542" 4, +93" 54’, A small, bright, planetary nebula, with a bluish disc about 8" in 
diameter, and surrounded by a faint glow. sp 51 Herculis. 

6341, M92 = 1751546, +49°12'. A very fine globular cluster, about & in diameter, resembling M13, 


6067, 4360, Norm, 
6273, M19, Ophiochi, 
6494, M25, Sagittarii, 


6093, MSO, Scorpii, 
6121, M4 i 
6405, M6 Pet 
6475, M7 n 
5904, M5, Serpentis, 


168 9-4, -54" B’. 
16° 69"-5, — 26" 12". 
17*54™-0, — 19" I. 


16" 14-1, 92° 51, 
16" 20" +5, — 96" 24 
17" 36-7, — 32" 10, 
17" 50™-7, — 34" 48, 
15 1h™ +O, 4 2°16 


but smaller and closer. It forms a triangle with r and 9. 

A large rich cluster, 20° in diameter, composed of stars of 10th-15th 
magnitude, 

A fine globular cluster, 7 in diameter. 
of British Isles. 

An open cluster, 47° in diameter, with stars of 9th-l3th mag. Fine 
low power field. 

A bright, and much condensed globular cluster, .A mass of faint stars, 

Easily resolved cluster of rather faint stars, 13° in diameter, 

A most beautiful open cluster of stars ‘like a butterfly with open wings.’ 


Very low in the latitude 


A brilliant open cluster of bright stars, vinble to the naked eye, 
A fine globular cluster, 15° in diameter, composed of 11th-15th mag. 
stars, with much-compressed centre. Closely np 5 Serpentis, 


* Anterra waa eo named by the Greeks from its similarity to the ruddy Mars (Greek, Ares) in regard to colour, Ibiza very luminous 
‘super-giant' star (Spectrum MO), with o diumeter of nbout $70,000,000 miles, Its comer, green in colour, ia not usually seen except when 
atmospheric conditions are favourable. 

+ BR Coream Horealis. For severul years, sometimes ae many as nine, this star remains at ite normal brightness of about Oth magnitude. 
Then it decreases rapidly by several magnitudes toa minimum magnitude of 124, After a short time, or after several years, during which 
minor fluctuations occur, it rises again to its normal brightness, 

© T Coron Borcalis—tho ‘Blaze Star.’ In May 1866 this star rose suddenly from 9°65 to 2nd magnitude, Nine daya later it became 
invisible to the naked eye, and after a few weeks it fell to the Sth magnitude, [t revived to 7th magnitude and then decreased to 5 
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Double Stars. 

Erocuw 1950, 

RA Dee. 
12 Aquarii g15 [=4) — 6° 
T2404 Aquile |18 484 | +10 55 
11 = 18 56-8 +15 aa 
a3 i 19 160/)+ 1 0 
22552 43 19 27-7 |+ 2 48] 
r ne }19 46-4 )+4+11 41 
a!,a2 Capricomni|20 14-9 |-12 40 
as =? ai) Li3 —12 42 
r in 20 24:5 |-18 22 
p 20 26:0 |-17 59 
: » | 20 270 | -18 46 
E9780 Cephet [21 105 | 459 47 
hiO01l4CoroneAus 18 3:2 | -—45 26 
x " 18 299 |—38 46 | 
¥ » [9 &1]-37 8 
22486 Cygni 19 108 | +49 45 
B fn 19 28-7 | +27 51 
Ne es 19 544 | 452 18 
E3671 20 172 |}4+55 14 
49 . 20 390/432 8 
52: " 20 40-6 | 490 32 
E2741 os 20 56-9 | +50 16 
61 1" 21 4:4 | 458 28 
T rE 21 128 4 57 49 
y  Delphini [90 444 | 415 57 
39 Draconis | 15 23:2 +458 46 
€ Equulei 20 S66 }+ 4 6 
100 Herculis (18 5S (+26 5 
39289 «(yy 18 79 | +16 28 | 
@ Indi 21 16-3 | 53 40 
a Lyra 18 35-2 | +88 44 
a 18 42-7 | 4.39 37 
e* " 18 42:7 | 439 34 
¢ 3 18 43-0 | +87 33 
70 Ophiuchi [18 2-9 |4 2 92 
22376 =, 1S 34/412 0 
Me Pegasi =| 21] 43-4 | +26 25 
<* =: Gagittarli | 20 20-5 - 49 35 
59 Serpentis 18 24-6 |+ 0 10 
¥2375 4, «= sd118 439-0 /+ 5 26 
é " 18 53-7 + 4 8 





INTERESTING OBJECTS. Maps 13 «2 14, 


(R.A, XVII Hea. To XXIl. Hee, 


1’ 





} 40, 42 





PA. 


183° 


27a" 


a 


i" 
113" 


| 29)" 


158" 


145": 
168° 


239" 


219°. 


201° 
| 359° 
67": 


a16". 


55" 
134° 
269° 
179° 
338° 

46" 

65" 


31°: 


1d 
160° 


270" 


2° i 


ks 


183° 


995°. 


aT} 


169° 
5 


111": 


150° 
83° 


118" 
258" 


206" 


298" 


317" 
116° 
103" 


Dist. Date 


Dec. 6GO'N. To 60°S.). 


Notes 
| 192°: 28 1924) Test for 2-inch telescope. 


34 1936] Relatively fixed. 


1621925 


$3" | 1023 
| 1d 1987 


POTOY Eos 

: 7/1 19R4 
4 | 1026 
a9 1825 
219: 1983 


11/1933 


| peg 1998 
gig 1913 
arg 1998 


a9 1920 
D4 -§ : 1924 
$85 1924 
: 18/1936) 
: 8121937 
: 341984 
: 2811985 
: 6" 451925 
i 91 :1996) 
125°]: 1928 
0-9 1926 


10"4 1931 
i a8 i 1pa6 
i fg i199 


L141 1993 


i 54-1996 


'6G4 1926 
: 2-9: 1035 
of 1035 
457 1984 
2827 02h 


; 66 1937 
2 7] 1084 
1 \ 


‘19 1924 
i V1 1998, 








9-9 1991 
94 1996 


ao" -3 1 1986 | 


341920) 





1-2 1938 


Optical pair, Test for 2-inch telescope. 
Comes best seen with high power. 
Light-test for 21-inch telescope, 

Little change. Test for $-inch telescope. 


Naked eye pair. al, 9 mag. comes at 45". 


B is a close double, 
Relatively fixed, 
Distance and P.A, slowly decreasing. 
Relatively fixed.  e.pan. 


Test for 4-inch, PA, slowly decreasing, 


Binary, period about 200 years, 
Relatively fixed. 
Binary, period about 120 yeurs, Test for 2-in, 


Beautiful field. «p.m. 

Yellow and blue, Grand contrast. 
e.p.mi, 

Long period binary, $21 years. Test for 4-in, 
Slow decrease of PA. and distance. 
Test for 2-inch telescope. 

Yellow ancl blae. 

In the branching nebula 6960, 

Test for 24-inch telescope. 

Distance increasing from 16”, 1780.* 
Binary, period 49 years, 


Yellow and emerald, 


Test for 6-inch. 


Triple star, 

Triple. A+B forma close binary. P.101 yrs. 
Two faint comites, 

Decreasing 2A. 

PA. decreasing, distance increasing. 


Vege. An optical pair, Distance increasing, 
The “Doubledouble.” «! and c? are at 208" 

/ distance; each is a binary, 

Relatively fixed. 

Three other small pairs in a low power field. 


Binary, P. 88 yrs. Widest 6-7, 1933. Closing, 
Relatively fixed. 


Ais an extremely close binary. J, 11-4 years. 
P_A, increasing. 


Relatively fixed. 
Test for 24-inch teleseope, 
Fine pair, pom. 


i 
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Nebulz2 and Clusters, (Maps 13 and 14) 


INTERESTING OBJECTS. Maps 13 & 14-— Continueg, 


(R.A. XVIII. Hes. To XXIL Here. 





Dec, GON. ro 60'S... 


Spectrum Period Notea 
| Me $10 days | Long period variable, 

GO | 702 ,, | Cepheid type. 
GO 718 ,, ‘ 
M1 oak Irregular variable. 
Fa 3-8 days | Short period variable. 
Mep | 409 ,, Long period. Mira type. 
Fip | 164 ,, Short period variable, 
MS | 132 ,, | Long period varinble. 
B2p | 12-91 ,, The typical Lyrid variable,t 
M2 404 ,, Irregular variable. 
GO 8-38 ,, | Cepheid type. 
Fi Too |, - a 
GO O77 4 * ‘ 
Gp on Irregular variable, 
Fs 444 days | Cepheid type. 


{ Untettered Noa, are those of the NGC.) 


7009, ELIV 1, Aquari, 21° 1™-4,—-11"°34. The ‘Saturn Nebula.’ A very bright, bluish, planetary nebula, 


7089, M2 


7099, M39, 
6720, M57, 


TOTS, M15, 
6523, M8, 


6618, M17 


6656, M22 


6705, MII, 


21530" 9, = 1° 4°, 


Cygni, 21" 305, +48" 13". 
Lyre, 18'52"-0, 432° 58", 


Ophinchi, 18" 10-2, + 6°50". 


Pegasi, 21" 27"-6, + 11°57’. 


Sagittarii, 15" 0" +6, — 24° 29". 


i 18" 18-0, — 16" 12’, 


18) 83"+3 98" 57, 


Seutl, 18'48"-2, — 6°30, 


6853, M27, Vulpecule, 19" 57-4, + 29° 35". 


25" x17". ‘The thin rays or ansse are seen with large telescopes 
only, Precedes v. 

A globular cluster about 7’ in diameter. A fine object in large 
telescopes. 

A large, open cluster of bright stars, well seen with low powers, 

The «Ring Nebula.’ 4 the distance from § towards y, An oval, 
planetary, 80" « 60", which bears magnifying well, <A faint star 
Jisseeninadinch, The fainter central star is visible in large 
instruments only, 

A-small, but extremely bright, elliptical planetary nebula, 7” in dia- 
meter, ofa bluish colour. It is, perhaps, the brightest of its kind. 

A grand, bright, condensed globular eluster, 6’ in diameter, blazing 
in the centre. 

The ' Lagoon Nebula,’ visible to the naked eye. An ill-defined nebulosity 
with dark patches and stars, followed by an irregular open cluster, 

The *Omega’ ({2) or ‘Horseshoe’ Nebula. A bright and large nebula, 
in shape something likes figure 2, with a long, bright bottom 
streak. 

A large, bright, globular cluster, about 15° in diameter, between Be 
andc, The larger stars are ruddy. 

A grand, fan-shaped cluster, with bright star at apex. 
structures to the south, 

The ‘Dumb-bell Nebula.” An ellipse with faintly luminous notches, 
Seven stars—probably unconnected—are visible in a 10-inch 
instrument, 


Dark 


* 61 Cyyni, The first star to have ite parallas determined, by Bessel in 1838. The twostare probably form along period binary system, 
since they have the same parallax, and the path of B relative to A is slightly concave. 

+ A Lyre, The typies) ‘Lyrid’ or ' Bright-eclipaing’ varinble. It has two unequal minima (mags, 3°8 and 4°21), scparated by two 
equal maxima (mag. 3-4). The veriations of light are due to the mutual eclipse of two unequally bright stars, very close together, and 
ellipesidal in ehape as the result of tidul distortion. Period 12-01 days. 
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INTERESTING OBJECTS. Maps 15 & 16. (S. or -60' Dec) 
(GiRCUMPOLAR, SouTH). 


Double Stars. 
Erocu 1950. 
R.A. Tee. 
1256 Apodis 144548"-1) — 73" 0 
L7507 18 63|-73 41 
C Carine | § 145 | -62 
Lo846 9 176 |=-7T4 41 
hé213—siy, 9 84-3 |-61 44 | 
v th +] ano — §4 §o 
h4306 10 17:5 | —64 
h4383 oy, 10 52-0 | -70 
Rlbd TF 10 fi? — §1 
Cor33 Centauri | 14 1)*4 | —61 
a rT 14 S66 — 0 
& Chameleontis| 10 45:2 | —&0 
a Circini l4 3865 | -—64 
a Crucis 2 93-7 |-69 49 
t + 13 437 — 60 
h3568 Hydri 5 90)/-79 
h44a2 Musee ll 214 | -—64 
L4920 0 ll 49:4 - 64 
p 12 43-2 — 67 
él " 13 49 | -—65 
h4813 Normz [15 51-3 | —60 
R38 Octantis 3 60-8 | —85 26 || 
a - 21 43-5 | 82 
€ Pavonis (18 186 | —61 
Ral4 a 18 43-6 | —T73 
L&550 Chl a) 47°56 —62 
L8625 yy 91 40 )—T3 
15 =‘ Pictoris 6 87-5 | -—61 * 
é Reticuli 4 17:1 | -63 ¢ 
h3670 a 4 33-1 -62 £ 
L6477 Triang.Aus, 15 43:6 | —65 
h4s09y, ‘15 50-7 | —60 
8 Tucanm O 29-3 | -63 
x ” 1 40 —6§9 
hs426 i 1 15-3 — 66 
a i 99 23:8 | —65 
1340 ‘a 22 49-0 | -—63 
y  Volantis | 7 9:2) -70 
hsoof Sly, 7 S64 |—-T4 
¢ a 7 49-3|-72 | 
€ 4 8 78 —-68 ° 
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1986) eam, 
1918) Little change, 

‘1917 | Little change, if any. 
“91997 | Little change, if any, 


1996) Relatively fixed. 
“4 1022 Decreasing PLA. 


p 3 1919| Relatively fixed. 


a a z 
— ons 
44s a 


+] 51922 


Thate Notes 


0.1926) /.A. increasing. 
(1926) PA. increasing, 


———= 


1817) Little change, if any. 

1934 | Jd, and distance slowly decrensing, 
1926) A is a close double; distance 4, 1927. 
1917) Relatively fixed, 

Relatively fixed, 


-1990| = Cor, 167 (Innes). 
1,1936 Splendid binary, J, 80 yrs., 2nd nearest star. 


: 1026 PA, inereasing. 
‘1 1922] Slowly increasing P.A. 


8.1925 fellow and red, ¢p.m. PA. slowly decreasing, 


Test for l-inch, 


“5: 1918| Pd, increasing slowly. 
“BEIOIG| are ts a 
‘71918 | Little change, if any. 
‘Siigaa| 2A. increasing. 

‘1922 | Relatively fixed, 


1927 | Relatively fixed. 


'1914| No change since 1877. 
‘1p2d || PA. decremsing. 


-po3ac| Little change, Colour contrast. 
1913) 2.4. and distance increasing. 

‘joea) =—Rmk 26. FA. slowly decreasing. 
‘1901 | A doubled by Innes 1898. Not seen, 1900, 


“1o2y | opm. 

‘W817 oun see ove 
=1617 | Litth change, if any. 
“926 = Rmk 20. : 
‘1994 | =—Sellors 11. h’'s comites 9th mag. at 43” and 
‘yore | ‘Superb Object.’ 6th mag. star at QO” 3, 1935, 
1990} Low power field includes 127, a close binary. 

| 1020 } e.pam., | 
‘1910 | Relatively fixed, Colour contrast. 
ELo27 | P.A. decreasing, 


‘1989 | No appreciable change. 
1930 


PA, slowly increasing. 
Relatively fixed. 
Little change. A is a spectroscopic binary. 





(O17 


INTERESTING OBJECTS. Maps 15 & 16 — Continued. 
(CincUMPOLAR, SowvrTH). 





Variable Stars. 
Erpocu 1950. 
R.A. Deo, Var.of mag. || Spectrum Period Notes 
@ ~~ Apodis 14" 0™-5 | —76" 33°) 5:1-6°6 M3 3 Trregular variable, 
R Carine 9 310 | -62 S47 45-100 Me 309 days | Long period variable. 
1 =. 9 429 | -63 17 | 36-5-0 Go 155, Cepheid type. 
8 fe 10 «738 -61 19] 58-9-0 Me 149 | Long period variable, 
RR Doradiis 4 363 | —62 10] S‘7-6:8 MS 360 ‘i Pe 
KR Muses 12 390 | -69 8] 65-76 Gh 0-88 ,, | Short period variable, 
x  Pavonis 18 B18 | -67 18 |] 40-55 F5 910 ,, | Cepheid type. 





Nova. 
Nova Pictoris, 1925, 6° 35-2 ~ 62° 35’, 

Discovered by Kh. Watson, in South Africa, in the early morning of May 25th, 1925. From its magnitude of 
2-3 on that date, it rose to mag. 1‘Ton May 26th, but by next day had fallen to below Grd mag. It then brightened 
again, reaching mag. 1-1 on June 9th, fell to mag. 4 on July 4th, and rose again to mag, 1:9 on August 9th. From 
that brightness it fell, with minor fluctuations of light, till on Dec. 25th it was about 6th mag. In 1935 it was 
about 9th mag., at which it had been for some years. In March, 1928, it was found to consist of two nebulous 
components about 05 distant from centre to centre. 

An examination of photographic plates, that had been taken before its discovery as a Nova, shewed that it 
had been of about 12th mag, (1911-1925), and had risen to 3rd mag. on April 18th, 1925, 

The position of the Nova is about 7° from the N.E. edge of Nubecula Major and in Galactic Latitude — 26°, 


Nebulz and Clusters. (Maps 15 and 16) ( Uulettered Nov. wre those of the N.G.C.) 


2808, A265, Carine, 9h 11" -0, —64°39', A large, rich, globular cluster of 15th to 15th mag. stars ‘like the 
finest dust,’ 5’ in diameter. The centre is a blaze of closely- 
packed stars. 

3766, A289, Centauri, 11°33" 9, —61°20°. A fine cluster, visible in a binocular, containing at least 200 stars of 
Sth to 13th magnitude. 

4755, A301, Cracis, 12°50" +7, —60° 3 Surrounding « Crucis, a fine red stur. A brilliant and beautiful 
eluster of over 100 stars of various colours ‘like a superb piece of 
jewellery.’ 

2070,A4142, Doradis, Ge 39"-],-69° 9. The ‘Great Looped Nebula’ round $0 Doradis. A large and bright 
nebula, extremely complex in structure, It is visible to the 
naked eye in the larger Magellanic Cloud, or the Nubecula Major. 


6752, A205, Pavonis, 19" 68-4, -60° 4°, A large, bright, globular cluster, 18 in diameter; stars from 11th ta 
16th mag. 


6025, A504, Triang, Aus.15"°59™-4,-GO"21'. A bright, open cluster of stars from the 7th magnitude downwards, 


104, Al8, Tucanz, Oh 21" -9,-72°22. 47 Tucanm. A most glorious cluster of 12th to 14th magnitude and 
fainter stara, the central portion being much compressed. Visible 
to the naked eye as a hazy 5th magnitude star near the Nubecula 
Minor. 


362, AG3, = 1" om-7,-—71° 6 A globular cluster, 10’ in diameter, of 13th to 14th magnitude stars, 
with a central blaze of closely-packed stars. It is just visible to 
the naked eye as a Oth magnitude star. 
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ANNO 1920. iT 
ABBREVIATIONS * i es rf 
Greek letter foo star) |= Boyer's designation. , - > % {J 
Binal! Roman beter. « . pehy | ‘a 
» capitals Ata Z [toa stor) Variable stare - ‘ wig Y J 
Sumber only (he a Har) Flandeeods nimber. aS \ *, | 
¥ {to nab.) Gir d Merechela Me. (Mew Ed) au," 2%, rolls seh + 
Number undarfined fio a ater} Plazas Ne. *, i sa + 
Number vith amall ne. | Bir W, Harschal's i . \ 7 eee \ so 
inrightefit tons)! mumbar nd cleae. ‘ h, _ \ ———— at 





marae oot ae 


Ae Bik 


Oba 
* 


. Eeelebane's Aamber, 
a Dunlop's riambar. 
E-8 Esplin and Meminghem's curb. 
a Bir W. Harschel's pictetete. 
hi Sip d. Meerpchel’s mura. 
den, decob’s mumber, 

L ee Bao 
th Ladarede's number, 
- Miesihes'e reabeile nurreteer, 
or 


Ba, App'din | do. 
= Variable nian. 
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ONSERVING TABLES, 


Sunset and Sunrise.—The time varies slightly from year to year, but the Sunset Table opposite will give the Apparent 
or True (Sundial) time of both Sunset or Sunrise within a few minutes, in both Northern and Southern latitudes, 
To find the Mean Time equivalent, add or subtract the Equation of Time (#) given in small figures. A farther correction 
is required for longitude, of 4 minutes for each degree W, or E. of the Standard meridian—added if W., subtracted if E. 
Sunrise, Subtract the time of Sunset from 12 bre. 0 min,, and adjust for Equation of Time, and longitude, as for Sunset, 
Thus sanrias on May 25, lat. 45°N., long. 4° W. of Std. meridian, is at 4-$8 (12h.—Th. 35m., —3m. Equation, +16m, for longitude), 
Earliest and Latest Sunrise and Sunset, in different N. Latitudes. There are two ‘ earliesta' und ‘Intesta’ in low Intitudes, 
















Jatituee ry) fT] Ww 10° 20° aa i ir ) 7 60° 

Rising. Earliest:—| Nov. 4 May 10) May 30 | Oct, 11 |) June 7} June ll | June 14 | June 15) June? | June 18 | June 19 | June 19 
i. 11, 50 558 5a h.45 Fi Be 4.55. 4.45 4.0 4.12 al 4.20 2,35 

»  Latentr— | Fab, 12 ars Pg Aug 24 | Jan. 37) Jon. 18 | Jan 11 | Jan.8 | Jon. 6 | Jon. 3 | Jan. 1 | Dec, 29 | Deo. 28 
a.m, a | 603 | 6.51 6.cnh (38 ia 1) 7.20 7.29 7.50 8.2% 04 

Setting. Earlicst—| Nov.2 | May 14 Nov. 17 Apr. 10] Nov. 26) Deed | Dec. | Dee, 8 | Doe, 11 | Dee. 13.) Dee. 15 ~ 

pot. i447 fi) a 6,10) 6,10 iva] 445 40 4.15 a8 "| £22 5 

» Latesti— | Feb. 10) July 25 wis 12 | Mar. 17 fer dal 3g June 20 | June 28 | June 2? | June 24 | June 25 oe 

p.m. G18 10 6. 7.18 Tas) | Tot | Baa | gag | BOR 


Sun's Longitude, Right Ascension, and pees, at Oh. pacssioniete dates: for R.A. add 4 minutes P day. 








Tomy. | LA | Dua Date | Long, Date | Tame | HA | Doo Leng-| RAL) Deo | 

Jan. 1) 280") ... Mar, 5) 344" oa O° Msy22| 60"| ,.. }+20° ke 2) 130")... 18? 
n» «66 / 284] 192 21} 350 -4 « 23) 61] 4b/ 20 » S|13R) gh) 17 
» 11) 290) ... , 31/0 |9¢h| o | Junei| 70] -. | sa ff ,, 13)340|... | 25 
» 18) 287 | 204 n S31] 10 | ue +4 » %| 76) 64) 3 » 21/147) 204] 19 
n 20) 300 } Apr. 6) 16 | 15) 6 » 11| 80)... | 28 » 24] 150 11 
a0 310 ee " 10) 80 | ... 8 Pe 22; 90) 6b 24) Sept. 3 LAO] ... s] 
Feb, 2) 12) g1h 5 20) ao | ..- il July 2) 100)... 23 8 » +7168 )|115) 6 
* 9) 320 as » 29/32 | an] 18 ,, 81103) Th) Saf 4. 13) 170) 2. | +4 
, 17) 327 | gan May 1} 40]... | 15] ., 13/110|... | a2 ]] 4 94/180] 19%] © 
» if) 330]... » 8) 47 | 34) 17 fF 4 21) 128] 84) 81 7} Oct. 3) 160 -4 

Mar, 1) 340] ... Mayl1| 50 |... |+18°]} July2a| 190] ... [420°] Oct. 10) 196 ran|—ge | 





_Bauation, of Time,—Mean Time + the minutes in the rable = True sh feuretaal time. elk before Sun — =i afer a 














Bets Thm, Eqn. Inte Hye. 

rane li See es "20 Teall | Mar.20)|-82]) Apr.25 |+2=9) Jin.24 art ners 3m Sop, 22 ttm Nov. 4|+164 peetkiere 
a) 4 || Feb.4| 14 , 28] 7 |] Maya! 3 4 Bo) 3 , 26| 2 26) 8 
Wal , 12] Mt 26) 6, 7) Ba dnly4) 4 " 29/1 "38 a 
" 9160 ,, 90] 14.) , 201 6 "15| 3t |} 10) 6 | Sep. 2} 0 |} oct 1| 10 
Jan. [7] » a4) 13h [Apr 2| 4] | 93) 34) ° a4) 8 , st], al 
12; 8 wal| 13 » o| 3 wot) 8 » 19) 6 , &| 3 , 4| B 
"35| 9 Mar, 4| 12 . 8] 2 i Jun4| 2] 97) OFF 11) 3 | Lai} 1a 
"alto f} ,, 8] 2 ff | 12-1 fy tlt J Augo| 6 |] | 14 4], | 
2h 1g] 10 18| 0 , 16} 0 , 13] b 7 » 20) 18 
Jan.24{-12 |] Mari6|— 9 |] Apr.20/+1=]] Jun.19|—1 mf] Aug.18!—4m zie Oct, 27|+16 

Angular Distances on the Star Sphere —Tho fallowing spprosimations are convenient for rough estimates; others can 


easily be made up from the star charta: the degrees are those of a ‘great circle, as of Declination, or those on the Celestial equator. 
j* = the angular diameter of the Moon (approx,). 2}° =< «to § Aquilm; ora tod Retionli ... (approx, 
1}* = 4 to « Orionis: or § toh Crucis ie 4° = «to § Canis Minoris; or a to 2 Crucis Ss 
g = ato y Aquilm ; or a to ¢ Scorpii, x f° = «to @ Urs Majoris; orato # Centauri ,, 
The Star Sphere containa 41,253 square degrees, 
Approximate Galactie Longitude and tsiar oi of sertain Stars :— 


Long. ‘Lab Star | Cong. Tat Star 
3°422* «a Ophinchi 120" 4 46" u Ure Ma. 2a0°— 8° » Puppis 
10°+54° a« Corone 130° +- 5° a Auriga ( Capella) 238"+-61° 6 Virginia 
'- # a@ Aquilm (Altair) 130°+63" yf Urse Maj, 250"-12° « Volantis 
20440" ¢ Heroulia 1 +10° 8 Auriga 258° —68° a Eridani ( Achernar) 
+12" » Lyre 148°—20° « Tauri ( Aldebaron,) 207°+ 0° « Crucis 
a5°+19° a Lyrm ( Vega) 164°+22") a Geminorum (Castor) 279°+ 1° PB Centauri 
abe+ 1° y Cygni 160° +23" & Geminoram (Polfus) 23+ 0° « Centauri 
bi°+ 1° «a Cygni (Penob) lid’ —15° sy Grionis (Bellatrix) 283°+51" a Virginis (Spica) 
60°+40° y Draconia 167°- 9 « Orionis (Satelgewss) S68°—15° a “Trianguli 
ao" 465" 2 Uree Maj, 16-25 & Orionia (Migel) a0" — 8° ¢ Are 
at)" 4-40" F Uree Min, 180°+13" « Cania Min. (Proryon) 314°—-55" pb ca 
a0’ 4+-61" ¢ Urew Maj, (Misa) 1p2'-+49" a Leonie (dog ieles) 317-52" a 
Bo" —80" 2 Ceti ig4"— 8° « Canis Maj. (Sirius) S10°+168" Booey (Antares) 
90"'— 2° y Cassiopeim 200° +65" @ Leonis S20°+24" 8 Soorpii 
90°4+26° « Ursm Min, (Polaris) 200°+30° «a Hydre (Alphard) a20°—10" ¢. Sagittarii 
Hr+Gl" « Oras Maj. ny — Cania Maj. 5-65" a Piscis (Fomathaut) 
100" +55" 8 Urem Maj. 215°+71° 8 Leonis ( Denebola) 349°+70° a Boditis (Arcturus) 
110°+50° a Ure Maj. (Dubie) 928"—25" « Carinw (Canopus) 354°+ 5° » Serpentis 


Northern Latitudes « O° , 10° 
Pinta Date | F a | ae 
Dec.21 -2] Dec.21) -2]/6 04) 5 40 
» 24 w 29) 3/6 04) 6 AT 
a St] w 16) 86 04) 6 47 
» 30 w 14) 0604) 5 47 
Jan, 1 #0 11 7116 04) 5 47 
" « 8) 81/6 04/5 47]: 
mf » 5| 6 04) 5 47 
wn 10; ‘Dee. 2} 111] 6 04! 5-48 
» 18) | Nov.20) 11/4 04/5 48 
» LG » 26 me 04 5 48 
» 18 » 23) U) 604) 6 4a 
a 22 » 20) 14) @ 04) 6 60 
n 29 gw AT | 16 i ao) eng 
n 28 w Ld) 16)) 6 04) 6 Bl 
» 81/13] 11| 2916 04/5 51 
Feb, atte or S\-ia 6 O04) 5 52 
i » 3) 16 04) 5 52 
a WW) Sov. 2) Wi] 6 04) 6 63 
eee 14) Oct. 80| 19 GO 4) 4 54 
ip 20 w 27| 16/)6 04) § 55 
ay 16 » 24) in) 6 04/5 6 
» 21 nw 21) 15)) 6 08) 5 56 
., wal » 18] 15]) 6 03) 5 56) ¢ 
nn = » 15) 46-03) & 67 
Mar. uw 12-15} 6 03 § 58 
et o 8) 126 03) 6 oo 
«+ 6] 1] 6 04) 6 00 
w» Li} 1) Oe. 3) 111) 6 03 )] & OL 
» 14) 10] 8ep.30) 10]] 6 of) 6 Ol] 
» 17) ©) 4 27) off 6 03) & 02 
» 20 » 24) si) 608) 6 03 
» 3 ow 21) 7]]/6 03] 6 04 
n BG » 1B) 5]/6 08) 6.05 
nw ao 15 41/6 03) 6 06 
Apr. 1 « 11) o//603) 6 06 
ne | » 8) 21/603) 6 07 
aye | » © -1//6 03) 6 08 
» 10) 2)Sept.2) 6]) 6 03| 6 08 
« 13) +1) Augz30)! +1]/ 6 03) 6 09 
» 16) 6) ,, 27) 21/6 03/6 10 
iy ae » 24) 2/608) 6 11 
» 22 « 21) 31603) 6 12 
a 2 » 18) 4/6 04/6 18 
» 28 » 16) 51604) 6 13 
May 1 » 12) +5//6 04 6 14 
ee » 9] 06.04) 6 15 
” » 6| of/€04 615 
» 10| 4) Aug 3] 6])6 04/6 16 
w 18) a) Julyal] 6] 6 04) 6 17 
» 18) » 23) 66 04) 6 18 
wv 19) » 25| 9/6 04/6 18 
9 2 » 22) o)6 04/6 18 
» 35 » 19} 4/6 04/6 19 
ip 2 » LG) 9} 6 04) 6 20 
w Ol » 13) 4) 6 04, 6 20 
June 3 ys 10) 816 04) 6 20 
ih o 7] BG Od) G81 
" » 4) 41/6 04/6 21 
» 221-1) July 1} 3]) 4 04) @ 21 
apie Jun.28} 39]/6 04 6 21 
» 18 » 25} 9116 04) 0-21) 
Jun.2]} +2) Juni) 06 04] 6 22) 
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ORSERVING TARLES, 


Apparent (Sundial) Time of Sunset.—To obtain Mean Time of Sunset, see opposite, FL «Equation of Time. 
| Seutherrn Latitudes 


he it, | his ma, 
6 00/4 54 
fh 07) 4 66 
6 O07) 4.56 
& 07) 4 56 
5 08) 4 56 
& 08) 4 57 
f 09) 4 68 
& 1i| 4 69 
£13) 6 01 
5 13/5 02 
615/65 04 
6.17] 507) 
6 18) 6 09 
6 9) GL 
5 22\5 14) 
4 94/5. 16 
& 37) 6 19 
5 29/6 22 
[| 6-38) 6-25 
6 34/5 28 
f 3) & OL 
530/534 
6 42/65 37 
(5 4) Gt) 
5 47| 5 43 
6 40) 5 46) 
& 62) 5 50) 
6 66) 6 64 
5 57/6 57 
6 00/6 00 
a 6 03) 6 03 
605 6 08/4 08 


(607 609/610 


608 611)613 


610 6 14/6 16 


6 12/6 17| 6 20) 
613 6 20| 6 33 
6 14, 6 92/6 26) 
6 16/6 24| 6 29 
618 6 27/6 32, 
@ 20 6 30| 6 a5 
6 21| 6 32| 6 38 











6-23) 6°35) 6 41 
6 24/6 37/6 44 
6 26/6 40 6 47 
6 87/4 42/6 50 
@ 28/6-44/6 53 
@ 31/6 46/6 56 
@ 22/6 48/6 58 
6336 50/7 01 
(6 52) 7 03 
635/664) 7 05 
6 36| 6 65/7 06 
6 .37|6 57/7 08 
638 6 58) 7 10 
6 38 7 11 
6 30 | 
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3562/3 41|3 93 
363/542) 3 99 
a G4| 3 43/3 30 
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6 46) 6 50| 453! 


| 





¢ 62/6 36 7 00 
658 702) 7 07 
(7 4) 7.08) 7 14 
700/715) 7 20 
i a 7 23/7 a7 
17 20|7 27/7 38 
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xvi OBSERVING TAALES. 
Duration of Twilight (Table 1).—See Note on page 20. (For fuller Tables, see Vuwtioal Almanac), 


























Latitude, oO 10" oo | ww cy 45° 50" i” 60° 
Winter Solstice 1" 16" | 1¢ 16™ | 1 19™ | 1 g5™ | 1" ga™ | Te 47™ | 1s 5O™ | 8h 17™ | 4g" 
Equinores ... 1 9 1 Io 1 1 | 1 1 30 1 30 1 3 | 2 4 2 265 

Summer Solstice 1 16 1 18 1 25 1 36 2 O38 % 33 Lasta from | Sunset te | Sanriaa, 

Apex of glow above horizon, 1 hr. after sunset, Dec. 21, about T° a" a 210° m 


Semi-diurnal Ares (II), or Time between Rising or Setting, and Culmination. (Refraction not allowed for}, 
N. Hotnisphore observers read the star's N_or 8, Declination ot the top of the column ; those in the 5, Hemisphere, at the foot 
N. Hamisphere:—STARS WITH NORTH DECLINATION, N. Homisphere:—STARS WITH 8. DEOLINATION, 

















am eo 2 oe of F&F hel es we oe eee beer 
mwihm)~ kh my kh om pk om) hk om) he ht mf tt fk om | bh mj) kh om) hom) ho] om] 
Sle ni} ¢ 8) 6 7/6 5) 6 4)6 2/60 615 8¢| 5 56| 5 65| 6 53| 5 5a] 5 49] 5 
3w)6 23/6 19/615) 6 1/6 7) 6 4/6 0) 10] 5 SO) 5 53) 5 49) 5 45) 5 41) 5 37] 10 
if 6 30) 6 99| 6 22) 6 16/6 11) 6 5/6 0715] 5 55) 5 49) 5 44/5 36) o 31) 5 4] 16 
eo |G 49/6 29| 6 30) 6 22) 6 15 6 7 GO] MB] 5 53) 5 45) 5 38) 6 80) GS 21) 5 1] 
oly 4 ¢/ 6 49) 6 39/ 6.99/ 6 19) 6 9 | 6 O] 2) 5 51) 5 41/5 31) 6 81) 6 IL) 4 be) 
soi7 19|7 2/6 49/6 36) 6 23 6 tf | 6 O] SO] 5 48/5 37) 5 HM) oH 4 58) 4 41 | 30 
9 17 3)| 7 1¢| 6 59| @ 43/6 28) oO 14 | 6 O | OH] 5 46) 5 32) 5 17/5 1) 4 44) 4 25] 
aol7 35| 7 32/7 11| 6 52] 6 84/6 17 | 6 O | 40] 5 43) 5 26) 5 8) 4 40) 4 BB) 4 8) 0 
a5 [68 18| 7 51) 7 8/7 2) 6 41) 6 BO 60745 15 40/5 19)\ 4 58| 4%) 4 8] 3 42) & 
sje s3| 8 19| 7 43) 7 4] 6 49/6 24/6 O 7) 5 36) 5 11) 4 46) 4 17) 8 45) 3 7 50 
65 | 9 30 Cee A) Se 620 | 6 0] 6) 5 31/5 2) 4 90| 3 55) 3 139) 8 81] BS 
go'la g2| 9 90/8 36/7 51] 7 11) 6 35 | 6 O ] GOT] 6 2h) 4 ao] 4 8) 3 24] 2 2h] 0 38] 60 
&. Homisphere:—STARS with GOUTH DECLINATION, 8. Homisphere —STARS with M. DECLINATION, 


Rising or Setting of Stars, &c.—From the R.A., find culmination-time (Table IIT), then for Mining Subtract, for Setting Add 
the aemi-fiurnal are for the Dec, and observer's latitude.* Je, Rising of Leo on Nov. 13, in lat. £6 °S.; R.A. 10h., Dec, 20° NL? 
On Nov, 14 (after midnight, 19th), aa HA. O)h, souths at Gam, 10h. southe at 6.30 am. Semi-diurnal are for Dee, 20° .N, and 
66° N. is 8h, fm.,” which subtracted from 6.40 4m. gives 10.20 pam. on Noy, lath as the rising-time of Leo. 
Whet does Mars rise on Mar. 28 iu lat. 45° N.!; R.A. 13hh, Dec. 5°, (a) Proceed as above, Or(b) Find in the WV_A. the time 
of meridian passage on Mar, 28, say om. (20th), from which subtract the semi-diurnal arc 6h. 40m.* Answer, 7.20 p.m. 
To find when a Star is on the Meridian—(The R\A. Central Meridian of each Chart is given at the side). gre —_— 
When will the constellation Taurna be south at 10p,m.? From the Index ef Constellations (Inst page) 3 | 24h, 
Taurus isin Map&: the central meridian of Taurus is RA, 4h. (sxe also ot side). In Table IT below, 5-¢ ah. 


Sidereal Time, in the column headed 10 p.m., and in line with B.A, 4h., is the date required, Doc. 21. 7-8 Sh. 
What constellations are in the south at Spam. ou March 22nd? In Table TT find March 22; in the column 9-10 | 12h. 
headed 8 p.m., in same line, is the answer R.A. $h., contained in Maps 7-8; —Gemini, Cancer, &e. 11-12 | 16h. 


When will R.A 6h, culminate on March 7?) Anawer (Table 111), 7 p.m.—March 7 line, above R.A. Bh, 13-14 | 20h, 


Sidereal Time (III), or Hour of R.A. on the Meridian.—If time is after midnight, add 1 day to the date ot the side, 
Intermediate Dates. Add to the RUA, for the previous date the requisite No. of minutes from the 7- or 8-day-interval Table below, 
7 Days Interval:—1day 2dya, Sdys Sdys, Gdye Gdays, BS Oaysinterval. day Bdys, Fdys. 4dye Sdys Gays, 7 dys. 


Add minute, fm. 8m 18m. lfm 21m. 26m, Add minutes 4m. §m. 12m. lim. 10m. 2m. 26m, 
Intermediate Minutes of Mean Time. Add the same No, of B.A. minutes to the previous RA. hour. Thus Apr. @at 5.0 pm = R.A. 0h, $m 
Hour of A.A. on the Moridian at-— Hour of A.A, on the Meridian at — 


Date| Sp.n.6p. Tp. Sp. Mp. 10plip Za. ta, 2a. Ga. 4a, Se, Ga. : Date! Sym. 6p. Tp, Sp. Op. fein fa. i ‘Sa. 4a, Gn. Ga. 
1 : : ‘Tt | 17 |) tS 








Fans, 5] hy) Wh) be} ay Hh HH.) GH.) Pj BH) Ms IO ALAR YL | Jal, TF] WB LAB) A | 10 (20 | 2b | 22/88 | Ob) tb 
13/ 4] &| a) 4] a) hb] a] ap bl a) eo] 4] i] a) a) a} ap a) apa) a] a] ab) a a) ay a 
aij1i2i}al4)o}o|7)8]9 | 10) a1| 12) 13/1 ga) 1314/15 | 16 |27 18/19 | 90/21) 22) 93) 0] 1] 2 
gal al bl blalalalalalal al al al ala aol alalalalalalal a] al al a] al ala 
Feb. 512 }a} 4 {6 )6} 7/8) 9 [0/11 12) 13] 14/45 |] Ang. @| 14/15/16 [27 [18] 19/90 | 1) 22) 23) 0) 1) 2) 3 
13} 4) 4) &) La) R) o] a) a] a) a] a) ale la] a) bl) a) a) al] al al ay al a} bya) a 
go) 3] 4|6)e|7 | 8 | 9 |r fit) 12) 18) 14) 15 16 2] 15 \16 17 |18 {10 |20 er} 22] 93) 0) 1} 2) a} 4 
28) 4) a) a] a] a] a) a) op a] a] Oo] ay ey ay 23) 4 b) a} al] a] 4) a] 8] a) a] a] a) 8 
Mar. 7]4| 6 | 6|7|8|@ [10/11 ]12| 15] 14) 15/1617 | Sept. G| 18 [a7 | 18 |19 joo) 21/22) 25) 0) 1) 2) 3) 4) & 
1 a) al ap ar ee al alata a] a] ay ay ad 3] bl al al at al al a] a] a] a] ap ay aya 
22}5|6/7\8]9 \10|1)t2]t9| 14) 15) 16) 17 | 18 |} atl it iis|19 |2ofer |e las} o}a)2)/a)4|s|e 
20} | b] a) a] a) a] ay apa) 8) a] ay a] a sol al al al abal ala] al bl] a] bl] ay al a 
Apr. 6] 6 | 7 | 8/9 [10/2/22 /13 [14 5/16/17) 18 119 |] Oot, | |p /20 len fez |23)0) 1) 2) 3) 4) 5) 6)7 
14] d] 4) b) a] ob] a] a) a] al a] a) a) al vl 4alalalalalalal al a] al ay al ala 
vo} 7 | 8 | 9/10] 18 | 12/18 [44 [15 | 16 | 17 | 18 | 19 | 20 ai} leoler|azjea}oj1}2}ala|s |] 617] 8 
so) a] | al al al al a) aya] a) a] a) ala oo) ala) al a) a) al a] al a] a] ab) a] ay 
May 7| 8 | 9 | 10 [1112/13/14 /15]16| 17] 18) 19/29} 2 | Nov. 6] 20/21/92 2a} 0 |1)2|) a} 4) 5) 6/7) 8) 8 
i] b| a) a} ay al a} a] apa] bl) a] a) apd ma) 4) al bl ap al ala] a] ay a] ay a) a) af 
92] 9 | 10 | 11/42) 13) 14 | 05] 16 17 | 18) 19 | 20 | Bt oe Si] mieajes|ojt|2ia) 475) 6) 7) 8) 9) 00 
30; 4 a] ob) a] ea] a] &) 4] a) a] by a) a os) a) alalalalalal af a] a] a] a) 4) a 
June 6| | | v2 lag [a4 {a5 [18 }17 18 | 19) 90] 21 | 22) 22 |] Deo, Go] ls} o}1}2}a je} Ss] 6} 7) 8) 9) 10/1 
Mt a] al a] a] a] a a] a al a] a] eo] 4 14] bl] | a] a] a] a] eR] a] a] a] a] a) a) 8 
92] 11 | ve! 1a |14 [15/16 |17 18 ]19 | 20 | 21 | 22 | 29] o alalol1\|2}al/4/5|e]7|8| 9 |10/ 1) 12 
Jon o0l al al al al al alalalal alal 4) @{ all Dees] a] ala} ala] a] a] a] a] a] a] al a] ft 





REPERENCE TABLES. xvii 


Decimals of a Degree.—For valuing minutes and ‘seconds of arc to the nearest 1/100th of a degree, and wice versa. 
(The exact equivalent of 01 degree is 36"), Take the decimal equivalent just few than the value to be converted ; or rice 
vest, the Tabular value pve 18", which gives the exact value of 100ths of 4 degree, Thus 33°48" =0''56 approx, ; ‘0°43 = 20 48". 








| “L1"| 618" |] 21° 1218" SL") 1818" ff) 41°) 24°18") BL" 20°18] BL) Be 18" ff 71") 48°18" |) BL") 48°18") 81") 5418” 
| 22 | 12 54 |] 32/18 64 |] 42) 24 H4 |} 62) 30 54 || 62 36 54 |) -72/ 42 54 || -B2) 48 H4 |] 92/54 54 

30 }} 23 | 13 30 |) 33) 19 80 | 43 | 25 20 59) 31 AO |] G3 87 30 |] 73 | 43 30 |) BS | 49 30 | 9d | 55 30 
24/14 61) 34/80 6144/26 G6) 54/32 6) 68 38 6-74 44 6) 8450 6] 4 oe 6 

95/14 42 |) 35/20 42] -45 | 26 42 55/92 42 |] -65 |a8 42 |] -75| 44 42/85 50 42] 95 56 49 

$f] 26/15 18 |) 36/21 £9 |] 46/27 16 |] 56/33 18] 66 |30 18 |] -76)45 16 |) 66 51 18 |] 96/57 12 

27/15 64 |) 37/21 54] 47 27 54) 87/33 oa |) 67/30 54] -77 | 45 54 |] 87 o1 84 |] -97 97 M4 

28 16 90] 9822 30 48/28 30 |] 58 34 20] 68 40 20|]-78 46 30 || 88 52 20 |] 98 58 30 

| 29/17 6] -39/23 6] 49 20 59/35 6] 69/41 61-7947 G1) -89\52 61-99 59 6 

"|| -80°| 17°42" |] 40° 23°42" |] -50" 20° 43t"|] “60° a5°42"|] 70") 41" 43" 80°| 47'42° || -90"| sa"42"|| 1° | 59°42” 








Decimals of a Day. —The decimals of a minute for columns 2-10 are the same as those, iu the same Line, of the Ist column. 








Ben km, Bae kh. om 0 Ue ho COD Oh ie ba kom Det kh om Be Ok Om COD OK oe | hee lef) Dee iin, 
1/0 l44 [ -UL)2 38] 2b)6 2) G1) 7 26 )) 42) 9 50 GL 12 1a 5 d5 |) FL) UF 2h] Bb) 10 269 81) 21 60)) oo Ty 144 
42 0 25-8 12)2 52|| 22/5 16]) 92/7 40)) 42/10 4/) -52 12 ga W217 16 82 19 40}) 92) 22 4]/ 00a) 2°88 
0/0 49-2 |] 133 7]) 23) 8 41]] 83/7 65] 43) 10 19] 63 12 43 ‘TS 17 81 )) 83) 19 65) 03) 22 10 "003) 4°32 
4/0 57-6 |] 14/3 21] 24/5 45] 34.8 9) 44 10 33)| 54 12 57 Th 17 45 || 84/20 9] 94| 22 29 a4) 5:76 
05/1 120 || 15/3 30) 25/6 6 en bes) 45) 10 48 $6 13 12 515 75.18 Of] 86 20 24]) 96) 92 48 ae 

06|1 264 || 16/3 50] 26/6 14]| 38/5 38/46 11 2|/ -56 13 26\| 66 16 50] -76 18 14] £6 20 39] 06/23. 2) -006 Ga 
7 1 40°8 Tij4 4 27/6 26 || 37 ad 47 11 16)| 57 13 40)) 67 || 77) 18 26) -87 20 62] 97 | 23 16 007 | 1008 
08/1 552 || 18 4 19 286 43) 389 7 48 11 31)] G8 13 55) 68/16 19)) 7818 43]| 88 21 7\) 68) 23 31 }) o8)11-52 
09)2 9 |/-18)4 33] 29/6 57|/ 39 9 21/] 49/11 45] 69 14 9) 9/16 33) 79 18 87) Bp 21 21 9 28 45 "009 | 2°96 
10) 2 240 || 20/4 48]] -30 7 12]) 40 9 36 50/12 |] 0 14 24]] 70 S|] 80:19 12]) 80 21 26/10/24 GO|] wte!14-40 








Hours and Minutes as Decimals of a Day. 
Hra. jhr. dh. lbh Qh yh Sh Shh oh. 4hh. Gh 6h Gh Gh. 7h 6 6CThh. 6Bh. OBA. | OOh. 
=Q208d; (417 “0625 0633 -ld2 -1250 “1458 1667 +1675 -BOBS -2202 2500 -B708 -S917 +3125 -3333 3542 -2750 
Ohh. 10h, 10h Tih. Tihh. 1h. 12)h. Wh Ith, Uhh. 6h. 7h. 1h. 19h. Wh. Bh. Bh. Bh, 
=—S058dy 4167 4875 3553 4762 “6000 S208 Bal] «G880 -8250 8007 -TOBS -7500 “TOLT -BS3S -S75D -H18T -9683 
Minutes:— tm 2m. gm. gm 5m. 6m. Fm, 8m, gm. Tom, itm, I2m. 3m. tm. Hm, om. rym, 
Decimal= ‘OO007¢7-001d 4X21 0028 0035 “0048 1049 C056 -O2 DONO -OO78 08S 090 -0ONT O14 C111 0118 
mm. 19m, 20m, 20m. 237m. 23m, 24m, 25m, 26m. 2pm. 28m. 29in. Jom. 35m. 4om. 45m. Som. som. 
= O12 dy O12 0130 4G D163 OLIGO -O1G7 O174 -O18] OIST D104 -O201 1208 0249 0278 0313 -Od47. -Oga2 


PRECESSION TABLES 


Precession In R.A. for 10 Years. For Northern objects use the upper line of R.A. Horrs; for Southern objects, the lower, 
The + signs are added algebraically to the catalogue positions, like signs being added, unlike signs subtracted, 
For reckoulng backwards, to on earlior date, reverse the + or — signs. 

Hours of Right Aucenslon for NORTHERN Objects. 
oe | O12, 1.11210; 39 4&8), &7| 6 18 | 19,17, 20,16 21,15 22,14 | 23,13 | der 
eo | HOS! 40-84) + ied oe + ee +173) 41-77 -076| —0-70" | —O-58m | —0:-98m) —O 180) +019" | BO" 
iis OGL O67 (reas Oi eee | io 12 | -010 ey 002° +08 tee] OB vill 
eo | oc1 | ow | O70 | o7s | of4 | ORs | O90 | 4042 | 4014 |4o18 (+044 +002 | oar | 60" 
bo | of: | O08 | OF O70 | O74 | OFF | O78 | 40-35 | +088 | +088 (4008 40-38 | O44 | 50" 
ao |] of) | OG | OG O84 | O87 | Of | OFO | +033 | +033 | +005 |<0-98 +042 | O4s | 40° 
a co (54 | OR O40 0-62 Ora OF | +038 +020 | 40-40 | 4042 +045 ous 30" 
ay | O81 (ha | ons | O8T | ona | O59 | OND | +043 | +48 | +044 +045 | +047 | oup | 20° 
lo | O51 O52 | O53 |) OH | ODS | OBS | O55 | +047 | +047 | +048 | +048 [+04 | oso | 10 
O° | +051™ | +05im 40-610 | HT +h 40-61 Ob be) 0-01 ship +051) 40-610") +h1m > Ofte o” 
oe. | Q,12 23,13 22,14 21,18 2016/1917 18 | 6 | 57 48 39 210 1,11 | 00 
Hours of Might Ascension for GOUTHERN Objects 
Precession In Declination for 10 Years for objects having N. Declination, 5, Declination, reverse the + or = signa, 


scale) J 1,25 2,22 3,21 4,20 ditig 6,18 a ae 9,15 2 og 11,13 12 
33 | ‘ya | +29 | +24 [1 417 |] +07 | 08 | -O'9 | | <2 | 9 | -3'2 | —3'3 


Exomple:-—The Star a Urs Majoris is placed in 1920 in R.A. 10h. 58°0m, Declination + 62° 11'; find its approximate 
position in 1950. 
Turn to the column headed by the nearest RA. hour, 11. In thik column the 1)-yoar R.A. correction for O0°N, is +0-é1m., 
for 7O°R. it in +0°87m,, giving about +0°62m-_ for the intermediate Deo. of the Star, 
R.A. of a Orem Mojoris for 1020 ie 10h. 8S", 


Correction fur 30 years (40°62 = 9) ,, + lth. 
BoA. for 1200 11h. O'Sm, 


The Stur’a Declination for 1920 je «6 1" 
Correction for 30 years (-— 38°28) ,, 10" 
Dee. for 1850 if 1 














| PRONUNCIATION OF NAMES xxi 
The accents are pronounced as follows :— fiasin fate | @aain we tas in ioe Ona in go fins in unite 
Note:—This list follows the so-enlled English method | &% ft | @ , met | i, ill 6, off | i » up 
of ronuneiation, which is generally wied for Latin | & , arm | © 4, Water a ao é , orb i 4 om 
andl Greek proper names in English context. ad, eon “a, aah aes | 80 ,, food oe 





Constellations.—For the genitives (y.) of names ending in -us -wm, change the -ua or -twn inte -i (pronouneed jj, as Lopus,-(g.) Lupi. 
Those ending ina: change the o into @ (pronounced &), as Mensa, Menax, Modern Constellations are marked *. 








Anneomepa, in-drom'é-da Andromeda | Conves, kér’vis  ... oe The Crew | Operoonvs, Of bi" kis The. shearer 
pina dint ’Vi-i ue «=e Ate | Cuaren, kra‘tér (gn JeratBr-in) The Cup Ono, O-ri'tin (p., dr-i-d'nla) Ae Hunter 
Arcs," a’ pas (y.,- iia Ried of Paradian | Cnox,* krike (y., kradais) The Cros | Pavo,* pal'vd (y., pil-v‘nia) The Peacock 
Aiuanich, kw The bing“ ‘eorer | Cyonus, sig'nas — ... a». Uhe Seon | Peoasta, peg’ a-sita = Pegaaus 
resp ilies the . The £agle | Dacemiva, dél-fPniie + The Dofphin | Prrakcs, por'siia or iy ty Perecus 
Ana, &’ Za _ The Altar | Donano,* di-ri’dd (y., ida) Swordsiah | Proestx.” f’nitke a: ., fa-ni’cia) ~The Phenix 
Amit, ied (guy Be Ship Argo | Duaco, dra’kd (g,. dra-ki’nia) “The Drogen | Proron." pik'tér (y., -tdr‘ie) ‘The Pointer® 
Aus, &'ri-é2 be Ore th) The Ram | Equorave, &-kwii'lé-Gs ho Little Moree | Pisces, pis'Ga (g., pisi-im) . The Fishes 
Avniaa, d-rl'ga Phe ORtrioteer Bumpass, &rid'dnds The River Bridanue Pastis AUSTRALIS, pic's ée-tri' Tis 
Botres, bi-d' tea tgey-tia) The Herdsman | Fonsax,* fr'nihe (y., fir-nil'sie) Furnace | [The Southern Fish 
Cartom,” 88am “The Chised® | Gass jém’i-nl (y., -no‘ram) = The Twins | Porras,” pipe (y., pap ‘x)= Poop (of Argo) 
CamELOPARDEeS,* kii-mnél’d-pard-ae Girasfe | |G nia, erie” (9. procs)... 9 The Creme | Pyxis,” pilk'als (9., pik sin) The Compass" 
Cascun, kiin'sdir (g, kiin-kri) The Crab Hanctitis, hir’ki-lis ig. -lis) Hereules | Hurrtounie," vetik fi-litm =... | The Net? 
Canes Veranict,” ba’néx vé-nitT-af, or -kl Honotoore,* hor-d-1d ‘ji-iim The Clock | Saqrrra, si-jit'h a « he Arrow 
ig, ki’nim ve-nat-ko'rim) Greyhounds | Hyona, hidrd _... The Water Snake | Sacvrtamren, wlij-1-t'ri-de The Archer 
Canta Mason, ki’nie ma‘jer = (y.,.and-jo'rie) | Hrones," hidroe - Soourpo, eke’ pid (g-, ~'nia) The Scorpion 
» Moos, kA'nie miner = (y., ml-nd’‘ris) | Iepvs,* in‘dis aes a. The Indian | Sconrrvs, skor'pl-te (g,, pi iT) = 
The Greater and Lesser Dog | Lacnirra,” lib-sér“ta . Phe Disord | Soon pron, “skilp'tdr (y (ye, sia Sculptor 0 
Carnreoayvs, ki ri-kir'niie The Sea-goot | Leo, 16'o (y , 16-0'nks) The Sion ate BouroM,* ski'tim  ... The Shida ™ 
Canta,” ka-ri'n as Lhe Keel (Argo) | Mrxon,* ml‘nér (y., ml-ndr‘ta) r| SERPRNSA, mtr” paix (ge sér-pén’tia) The Serpent 
Casaiorata, kiix- 1d-pé yi Cuminpeia Levis, li’piia (g., lep'Or-l) The Hore | SexvTans,” séke'tdne (y.,-tan'tis)  Sertent 
Custavius, sén-ti'ris The Centaur | Lina I bri woe The Bolonece | Tacues, té'rde The Bull 
Cernets, ef ite or se'fé-is pheus | Lures, uke ay The Wolf | Tecesoormom,* télé-aké" pi-im The Telearape 
Curcs, s8'tiis Tie Sea JMonater or fe Ses Tin lee (pey -lin’ c-; ) arr The 5 Tovcasts," t60-ki'nts The American Goose 
CHamarteos", ki-mé'lé-an { -la-Gn'tis) | Lema, If’ The TrranxecLom, tri-dn’gi-lim The Triangle 
¢ Chanueleon sn natiia tase Pras) Masts Avge » Averrare,” ,-detrilé Southern ,, 
Cems,” er'si-nds ... The Compasses men's... Table Mowntain® | hss Mazon, trek mA'jér — (g., dred mii-jo'rie) 
Cocumaa," bi-lim'ba ... The Dove® ret mi-kré-ské'pi-iim Ths » Sisson, Geek mPner fy, Gree inisnirie) 
Coma Benesrces,* ké'md biré-nl'eés, Miermcope [The Unieorn The Greater and the Leaser Beara 
(g., k8'ms béré-ni'sie) Berenice's Hair Moxocencs,* rdimabede (gy -Gr-t'ths Veta," vi'ld (g., ve-l'riim) = Sala (of Argo) 
Conosa AveTratis, ké-ri'nd ba-trat' Tie Mosca," mils'ka » Dhe [Southern) ty" Vingo, vir’gd (¢., vir'ji-nis) =... The Virgin 
» BOREALIS bi-ré-i' Tie | Nona,” odr’md The Vouans,” vO'lana (y-lin"Us) = Flying Fish 
The Southern Crown, "The Northern Oroien | Ocvas,* dk'tiina (9, Giktain’tia) Ontont? | Vourecuna,” vil-pék ili ea The For ™ 


Original Forms tAntio Poeomntio,  'Caala Benlptorie, The Srulptor’s Qhiaede, %Coloinka Noashil, Nooh's Dore, 4 Fornax Chemion, 
i exbaragesatil Furneret, 9 Mone Menu 4 Apis Mason Austrailia. 1 Octane Hadloiaias, dodlley's Getant. * Eq nnlens Pictoria, The Padnter's Kael, 
UP yale Nation, The Mariscr's fan, ) [ocentum Riinioialin, The Konia! vet Ul Apparatus Soulptoria, The geulptor's Wardahap, 
t¥Heutnm Sobleakil, Solidetil's Med, 2 Sertans Uranim, (rowia'sSectent, “Meola Volan,  Vulpecala ct Anper, Ye Fox and the (oor, 


Star and Cluster Names. Many of these, transliterated or corrupted from the Arabic, have no etindard apellings, as Arneb, Arnab; 

Caph, Chaph ; Cebairai, Kelbalral; Taraged, Trazed, kc. a may=e; an=ain ; e=korkh;e=ie; f=ph; m=n; e=x or #; sh=ech; t=th, 

Avcherner, i’kér-nlir =a Eridani | Benetnaach bé-nér'ndeh 9 Ure. Maj Pandlsalenes keth-il-rai’ A Oph. | Aas Alkwgue, ria il-hi' gwd 
at 





















Avrah, aik‘rib as Setelyeuse, bat-sl-gtha! & Orionis orm, bet" kedb seas in, imei 
Adarn, id-a'ra ¢ Canis Maj. Canopus, lni-né'pie =a Argue Selle nef". foatahan, rae-ta-bin" + 

Alhireo, il-bi'ri-d ACygni | Capella, kii-pal’d 3 ra oe | Herculis Reguiue, rég"O-linn a Leonin 
‘Alchibo, &-kiba’ «= a Corvi | Caph, kif ACaasiop. | Aree, ktir-ait’ BEridant | Rigel, ri'gll, r1'jél 8 Orionin 


Rotanee, rd'ta-név B Delphiisd 
Sadarhbia, sdd-Ak-ba'a + Agr. 
Sadalmelik, aid-al-mél'tk a Aqr. 
Saclalawe, séd-il-ebtd" - 


Aloor, il-kbr’ 80 Ure. Maj. 
aA fil-si'd-ni y Tauri 

, fladdb'd-rin a Tauri 

‘Alderansin, Al-dé-rii'min a ss 
Leon 


Coster, kaa'tér orkis'tér ao Gem. | Maio, mi'ya, ml-i" 20 Tauri 
Cor Caroli, kar kiir't-lH aC Ven. | Moriah mir'kib o Pesaai 
Cor Hydrw, kér bYdrs a Hydrw | Morn mie’ « Heroulia | 
Qor Leow, lor 1-0'nis = a Laon. aes méh-sio'ta ¢ Gemin, 


Algetba, ije'ba + Cor Scarpii, ker side pi-l ride =, i Urs. Maj.| Seheat, shé-di’ A Pega 
Algenib, al-gén'Tb » Pegaal (or k, #kdr-pi-G'nis) « Soorpii AM me ki a Ceti Schedar, ehéd' dir a Caasiop, 
Aigol, l'gSl, al-gol’ pPereel | Cor Serpentis, ki sir-pén’tia eg i mén-kal-j-niin’ Shetiak, ahél'iak ALyrwo 
Algorad, il-gi-rab’ Corvi a Serpentis A Aurigme Sheratan, shér‘d-tiin' 9 Arietis 
Athena, l-hin's + Chemin. | Curae, kethr-sii’ Eridani | Menkar, -bal, aah a Ceti Sirius, #ie'l-te a Can, Maj. 
Alioth, Di-ath’ F jane Dench, din’éb a Cygni, & Leonia | Merak, mé‘rik @ Ure. Maj.) Sirrad, sir a Androniedor 
‘Albedid, a-ka'id Denet Aigieds, din’ a jedi Merope, mér’é-pé 28 Tuuri | Skat, skit & Aqumrdh 
Albalwroges, al -kh-l'rdpe ee Botit Lema Mesarthim, més-iir-tim’ y Aries | Spica, spi'ki a Virginia 
Alkes, il-kéx’ a Crateris | Jrnehala, eebrel fo Mintate, mnio'th-ki 8 Orionis | Sufaphat, abb-ld-fit’ > Lyre 


Afmak, d)-tiik” y Androm. 
Alnilam, &l-ni-lin’ = =—« Orionie 
Alphard, il-fard” « Hydrw 
sca al-fek' a Cor. Bor. 


Diphda, dif'da Mira, mil'ra o Ceti 
Dubhe, dob he a eon + Na Mirach, mf rik, ovi‘rik f Amdr. 
Electra, Bek’ trad 17 Turi Mirfak, mir’ fik a Poreei 
Enif, Enijph, nif e Pegasi Mirsom, colr'siim Can. Maj. 


Svaloeen, oval'é-kin a Delphini 
Telitha, ci-le tb Ur. Maj. 
Turated, tiir'd-2éd + Aquile 
Taygrta, ti vt bape 18 Tauri 


, o-fe'rite oo Androm Brent, frei + Cophel | Mizar, mYsir Aarti eee Thwhan, thi a Draconis 
4ek, ‘l-fark’ 8 Cephei | Aiomin, ét-di-min® Draconis ‘Uses Majaria, | Pnukalhay, a. waka hi’ aSerp, 
Alrai, &l-rii?” Fom, fim e Pegaai Mupirid, wO6'frid Be tir Vega (Wega) vé'gh = a Lyre 
Alruceaboh, il -réG-ki’bh a UMin.| Fomalhaut, f'mal-hét, {0'mal-a | Nath, wath’ p Tauri Vindeniatriz, vin-dé-tmi-a trike 
Alshoin, il-abi‘in A Aquilm o Piscis Austrailia | Nebkor, nék-kir’ (8 Boditin e Virginia 
Altec, &l-tii'ir ede Gemma, jam" a Corona Bor. | Obata, ai'dad ePiscium | Weaet, wil'sit & Gomin. 
Alwaid, al-wil'td A Draco Gieli, Prima & Seounda, j€di, Phakt, tikt aColumbe:| Yed, yéd 6o uhiuehi 
Antares, in-ta'ré a Seorpii prima, eé-kin'da al, a? Cop Phecda, fek'dé > Urs. Maj.| Zournk, ef'riik 
Arcturus, irk-ti'ria « Boltis | Gomeise, go-mnil’ aa pCan, Min, | Pleiades, pif'i-déx, plfa-dén Fawijah, eih've-jil p Virginis 


| Aamal, him’ al aArietia | Pleione, pli-d'né 28 Tauri | Zozea, Zoema, ade"ki, os 


Arned, iir’nel e Leporis | ffomam, bb-mim* f Pegaai Polaris, polaris a Ure, Min. 

“Aaterope, as-tér't-pt 21 Tauri | Ayodea, bY G-dés (Star Cluster) | Pollus, pol'iiks AGemini | Zuben ef Genki, 186-bia! él j&- 
Atiaa, itl 27 Tear, B-wiix” « Botitia Prooecpe, pré-si (Cluster) node a libre 
Azimech, he-i-mék’ 4 Virginia Kaitaia, ki-tdin’ a Piscium seyon, pnd’ a Conia Min! ,, ol Makrabi, al hi-kri'be +, 
Baten Kaitos, bh't'n-ki'tia = ¢ Coti) Kaus Australie, kbs bs-t ii’ lis ,pal-kér'tma ¢ Botitis) ,, cf Uhmmati, él shd-mi'lé 4, 


Bellatri, bé-la'trika —y Orio eSngittarii | Mas Algethi, ‘rida iil-jt-06" ao Here, | Zudenesch, 260-bin'teh Aa 


INDEX TO THE 


CONSTELLATIONS. 


With the number of the Map in which each ia shown, and the approximate date of culmination of 
a point on ita central hour of Right Ascension at 9 pam. and Midnight. 


For each Hour earlier or later than 9 p.m. or midnight— 


Earlier—Add 15 days to dates given below, 
Later—Subtract 15 daya from ,, ‘ 





| Apprem, Tinte 




















Piso ec Genitive oe ee ptosis 
ANSDROMEDA Andromede | 2 Nov.-23 | Oct. 9 
Awrniat ..: .. Antlie | 8, 10 | Apr. 10 | Feb, 24 
Arvs! . Apolia) 16 | July 6 May 21 
AQuanius » Aquarli] 4,14 | Oct, 9 | Aug. 25 
AQUILA .. Aquile| 13, 14) Aug. 30 | July 16 
aa nis Arw | 12,16 | July 25 | June 10 
Anco” (Bee Oxnma, VELA, | g, 10, | 
and Purris) 16 
Antes .. Arietia] 6 Dec, 14 | Oct. 30 
AURIGA .. Aurigo| §, 7 | Feb. 4 | Dec. 21 
Boorrs Bottis|] {1 | June 16) May 2 
Cartum?! .. Cui 6 Jan. 15 | Dee. 1 
CaskzovannustCamelopardi 1,2 | Feb. 6 | Dec 25 
Cayo .. Caneri 7 | Mar. 16 | Jan. 30 
Caxns Vewavicn! Cm, 9 | May 22 Apr. 7 
Casis Mason Canis Majoria 8 Feb. 16 | Jan. 2 | 
Cants Mrvok Canis-Minoris| JF | Feb. 28 | Jan. 14 | 
CaPRiconnus Capricorni| 44 | Sept,22 ) Aug. 8 
Canrat ... . Carina | 8, 16 | Mar. 17 | Jan. 31 
CASSIOPRIA Cassiopeim | 2,3 | Nov, 23 | Oct. 9 | 
Cenraurus ...Centauri | {0,16 | May 14 | Mar. 30 
CEPHEUS ... . Cephel} 2 | Nov. 13 | Sept. 29 
Cervus . Ceti] 4.5 | Nov. 29 | Oct. 15 
fect ekiconl Phereaionke 16 Apr, 15.) Mar. I 
Crecixvs! . Circini| 16 June 14) Apr. 30) 
Conomeat Deumbe 6 Feb, 1 | Dee. 18 
Coma Burexicest ™ Dervisiele 9 May 17 | Apr. 2 
Corowa Avereanme sh" .| 14 | Aug. 14 | June 30 
Conowa Bonzanis F%,| 11 | July 3) Moy 19 
Convus Corvi| 10 | May 12 | Mar. 28 
Crarkn wee Crateria| 10 | Apr. 26 | Mar, 12 
Crux! . Crucis] 16 | May 12 | Mar, 28 
Cyonua ... .. Cyeni| 18 | Sept. 13 | July 30 
Denrnvs --Delphini] 13 | Sept. 14 | July 31 
Dorapo! ... +. Dorwditn | 16, 16 | Jan. 31 | Dee. 17 
Draco beasts 1,2 | July & | May 24 
EQuuLeus .. Equulei| 12 | Sept. 22) Ang. 8 
Enimasus... . Eridani] 6 Dec. 25 | Nov. 10. 
Fornaxt ... » +» Formacia 6 Dee, 17 | Nov. 2 
GeMsl Geminorum| 7 Feb, 19) Jan, 4 
Guust - Grain] 4 | Oct. 12 | Aug. 28 | 
HERCULES -Hereulis| 11 | duly 28 | June 15 
Honotoaivm! Horclogii| 6,15 | Dec. 25 | Nov. 10 
Hrpra . Hydrw| 8,10 | Apr. 29 | Mar. 15 
Hypevs',. Hydri|] 15 | Dec. 10] Oct, 26 








A im, Uimtie 





For each Week earlier or later than dates belaw— 


Fertier—Add 28 minutes wz 9 p.m. or midnight 
fater—Subtract  ,, 











Vi Lb 


cn cosine | SRM | en | 
Txpve! Indi | 14, 15. Sept, 26 26 | Aug. 12 
Lacerta! .- Lacerte | 3 Oct. 12 | Aug, 28 
Leo ~ Leonia} 7,9 | Apr. 1 | Mar. 1 
| Leo Mivon' Leonie Minoria) 9 | Apr, 9 | Feb, 25 
| Lervs .«» Leporia 6 Jan, 28 | Dee. 14 
Liana Libre | 12 | June 23'| May 9 
| Lopos. Llupi| 42 | June 23 | May 9 
| Lywxt -« Lyncis| 1,7 | Mar, 5 | Jan. 19 
Lyra Lyre| £8 Aug. 18 | July 4 
Mewsat .. . Menee | 15,16} Jun. 28 | Dec. 14 
Microscorrum! Microscopii| 14 | Sept. 18 | Aug. 4 
Mowocenost Monceeroti®| 7,8 | Feb. 19 | Jan, 5 
Musca! . Muse) 16 | May 14 | Mar, 30 
Norma! ,.. ... Norms 12 July 3 | May 19 
Oorawst ... ... Octantin | 15,16 Cireom polar 
Orarwcuve Ophivehi 11,12 | July 26 | June 11 
Onios - Orionis | 5, 6 | Jan. 27 | Dee, 13 
Pavot -- Pavonis| 16 | Aug. 29 | July 15 
Preasvs ... Pegesi) «892 =| Oct, 16 | Sept. 1 
Prenseus ... . Pereei| 6 Dec, 22 | Nov, 7 
Pruoenixt Phirnicis | 4 Nor. 18 | Oct, 4 
Pieron! ... .. Pictoris| 6,16 | Jan. $0 | Dec. 16 
Pisces .. Piscium | 3 Nov. 11 | Sept. 2 
Prom Avermmvs "S| & | Oct 9 | Aug. 25 
Purpist .. Puppia 8 Feb, 22 | Jan, 8 
Prxis' -» Pyxidin) = § Mar, 21 | Feb. 4 
Rericutum! Reticuli] 15 | Jan. 3) Nov, 19 
SAGITTA ... . Sagitte| 13 | Aug. 30 | July 16 
SAGIrTaRivs Ssgitterii|] 14 | Aug. 21) July 7 
Scorpius ... Seorpii} 12 | July 18 | June 3 
Seo Lrpon! Seulptoris 4d Nov, 10 Sept. 26 
Seuromt .. Seuti 14 Ang. 15 July 1 
SeUPENS ... Serpentis! 11 July 21 | June 6 
Sexrans! Sextantis| 9,10 | Apr. 8 | Feb, 29 
TAURUS Tauri 5 Jan. 14 | Nov. 30 
Tennscorrum! Telescopii| 14 | Aug. 24 | July 10 
TRIANGULUM Trianguli 3 Dec. 7 | Oct, 23 
Temowem ames. | 4g | July 7 | May 98 
Tuoana! . «.Toone| 15 | Nov. 1 | Bept. 17 
Unsa Mason Uraw Majoris| 1,9 | Apr. 25) Mar. 11 
Unsa Mixon Ursw Minoris| 1 June 27 | May 13 
Vetat Velorum| 8,10 | Mar. 30 | Feb. 13 
Virco a» Virgins | 9,10 | May 26 | Apr, 11 
Voianst . -.Volantis| 16 | Mar, 4) Jan. 18 
| Viruvacwss! Videuoule 13 | Sept. § | July 25 


* Tho eniiend constellation of Anco Navis ls now divided into the soporste constellations of Cantiya, Vela, and Poppi, but only one 


aqqucnoo of Girovk lottors iy used in the three constellations, 


+ Constellations vo marked have bewn added since the time of Ptolemy (about a.p, 154), 
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